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® MAGNETiCALLY LEViTATED CARRYiNG APPARATUS. 



@ In a tunnel which is kept in a high-vacuum or 
filled with a highly clean atmosphere, a carrying 
truck (3) is moved by an electromagnetic levitation 
system. Electromagnets (4) for electromagnetically 
levitate the carrying truck (3) which travels in the 
tunnel (1) in a noncontact way and carries semicon- 
ductor waters, electromagnets (6) constituting a lin- 
ear motor for driving the carrying truck (3), and 
displacement sensors (8) for sensing the levitation 
quantity of the carrying truck (3) in the tunnel (1) are 
provided outside the tunnel (1). Thereby, gases are 
not produced and the semiconductor wafers (22) are 



not contaminated. Also, when the carrying truck (3) 
changes the traveling direction by 90' at a branch 
part where two tracks intersect at right angles in the 
tunnel (1), the electromagnets (4) are provided in 
parallel with the respective tracks and are so con- 
trolled that the excitation levels of the electromag- 
nets (4) are changed gradually. Thereby, the travel- 
ing direction of the carrying truck (3) can be 
changed smoothly without contact of the truck with 
the inner wall of the tunnel (1) and the semiconduc- 
tor wafers (22) are prevented from being damaged 
by collisions, etc. 
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Technical Field 

^ The present invention relates to a magnetic 
levitation conveyor apparatus, and more particularly 
to a magnetic levitation conveyor apparatus having 
a carriage for carrying a workpiece such as a wafer 
or the like In a tunnel that is kept in a highly clean 
atmosphere such as a vacuum or the like, the 
carriage being magnetically levitated for movement 
out of contact with a partition. 

Background Art 

There have been growing demands In the pro- 
cess of semiconductor fabrication for transferring 
and receiving a wafer between various processing 
steps entirely in a clean space. Since semiconduc- 
tor products tend to become easily defective when 
contaminated by impurities, they should preferably 
be conveyed in a clean room which is highly puri- 
fied. As semiconductors are processed to smaller 
dimensions, the diameter of particles which cause 
problems is smaller. Therefore, it is difficult to 
produce desirable purified spaces in conventional 
clean rooms. It has been considered to convey a 
wafer or the like In a vacuum where particles are 
not suspended in the space because of less 
Brownian motion. Specifically, there has heretofore 
been proposed a magnetic levitation conveyor ap- 
paratus having a carriage for carrying a workpiece 
such as a wafer or the like In a vacuum maintained 
in a tunnel, the carriage being magnetically levitat- 
ed for movement out of contact with a partition. 

There has also been proposed a magnetic levi- 
tation conveyor apparatus having a carriage mov- 
able out of contact with a partition of a tunnel which 
is filled with a clean nitrogen gas or the like, rather 
than a vacuum. 

For example, Japanese laid-open patent pub- 
lications Nos. 61-295926 and 1-299119 disclose 
magnetic levitation vacuum conveyor apparatus in 
which a carriage that is magnetically levitated is 
movable along a conveyor passage in a partition 
maintained In a highly purified vacuum environ- 
ment. Japanese laid-open patent publication No. 
63-194502 and Japanese laid-open utility model 
publication No. 1-134998 disclose magnetic levita- 
tion vacuum conveyor apparatus of the type in 
which members that possibly produce dirt and dust 
particles are housed in the tunnel, i.e., levitating 
electromagnets, displacement sensors, and linear 
motors which are arrayed in a conveyor passage 
are housed in the tunnel (can), and a carriage is 
movable in a vacuum (purified atmosphere) outside 
of the tunnel (can). 

Japanese laid-open patent publications Nos. 
53-34272. 61-277303, 4-75404, and Japanese laid- 
open utility model publication No. 59-146326 dis- 



close magnetic levitation conveyor apparatus hav- 
ing a carriage (movable body) suspended under 
magnetic attractive forces produced by levitating 
electromagnets arrayed along a conveyor passage 
6 for movement while being levitated off the con- 
veyor passage. 

In the magnetic levitation conveyor apparatus 
in which the carriage in a vacuum tunnel (partition) 
is movable while being suspended by levitating 

10 electromagnets disposed outside of the partition as 
disclosed in Japanese laid-open patent publication 
No. 61-295926. however, it is necessary to Install a 
permanent magnet on the carriage, and the parti- 
tion is required to be of a complex cross-sectional 

75 shape. Since various parts of the carriage and the 
partition itself discharge various gases and produce 
fine particles, it has been difficult to create a high 
degree of vacuum, and the workpiece carried by 
the carriage tends to be contaminated. 

20 In the case where a purified space is produced 

by passing a nitrogen gas in a tunnel, it has been 
customary to place levitating electromagnets, linear 
motors, etc. in the tunnel. However, inasmuch par- 
ticles deposited in gaps between electromagnet 

25 coils cannot fully be removed, these particles are 
discharged into the tunnel. Because the elec- 
tromagnets are disposed in the tunnel, it has been 
quite laborsome to replace any of the electromag- 
net coils which is broken. 

30 In the magnetic levitation vacuum conveyor 

apparatus of the type in which members that possi- 
bly produce dirt and dust particles are housed In 
the tunnel, cables for supplying a control current to 
the levitating electromagnets, the displacement 

35 sensors, or the linear motors in the tunnel (can) are 
exposed in a highly purified atmosphere such as a 
vacuum. Such an arrangement poses a problem on 
the handling of the cables, and the maintenance of 
components in the tunnel (can). 

40 The present invention has been made In view 

of the above drawbacks. It is an object of the 
present invention to provide a magnetic levitation 
conveyor apparatus which has levitating elec- 
tromagnets, linear motors, displacement sensors, 

46 etc. that are disposed outside of a tunnel, and a 
carriage movable in the tunnel, the carriage being 
of a simple structure, I.e., a canned structure, for 
preventing gases from being produced, the tunnel 
having a reduced cross section for being highly 

so purified therein, and the carriage being well control- 
lable to be levitated and moved in the tunnel. 

The process of semiconductor fabrication em- 
ploys a variety of processing apparatus for carrying 
out lithography, growing various films, and diffusing 

55 materials. These processing apparatus have to be 
Interconnected by tunnels In which semiconductor 
wafers or the like need to be conveyed through a 
highly purified (high vacuum) atmosphere. 
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Accordingly, it is another object of the present 
invention to provide a practical magnetic levitation 
conveyor apparatus including a tunnel which has a 
branch, and a carriage that can be levitated In the 
tunnel and moved from a main conveyor passage 
into a branched conveyor passage at the branched 
point while being held out of contact with a partition 
of the tunnel. 

Disclosure of the Invention 

A first aspect of the present invention is con- 
cerned with a tunnel structure in a magnetic levita- 
tion conveyor apparatus having a tunnel defined by 
a partition, a carriage disposed in said tunnel, a 
plurality of levitation electromagnets for lifting the 
carriage out of the partition, linear motors for mov- 
ing the carriage, and displacement sensors for de- 
tecting a vertical distance up to said carriage, char- 
acterized in that said levitation electromagnets, said 
linear motors, and said displacement sensors are 
disposed outside of said partition, and housed in 
respective thin-wall casings extending through said 
partition and partly exposed in said tunnel. 

A second aspect of the present invention Is 
concerned with the structure of a conveyor pas- 
sage and a carriage in a magnetic levitation con- 
veyor apparatus comprising a tunnel defined by a 
partition and having substantially orthogonal 
branched passages, a carriage movable In a levitat- 
ed state through said tunnel for conveying a work- 
piece, levitation electromagnets having at least two 
rows of magnetic poles disposed on an upper 
portion of said partition for lifting the carriage out of 
contact with the partition, electromagnets serving 
as linear motors and having at least one row of 
magnetic poles disposed on said partition for mov- 
ing said carriage out of contact with the partition, at 
least two rows of displacement sensors disposed 
on said partition for detecting a levitated position of 
said carriage, and control circuits for controlling 
exciting currents supplied to said levitation elec- 
tromagnets based on output signals from said dis- 
placement sensors, said carriage having, on an 
upper surface thereof, two parallel magnetic ele- 
ments corresponding to said two rows of magnetic 
poles of the levitation electromagnets and two par- 
allel magnetic elements perpendicular to the first- 
mentioned two parallel magnetic elements, and 
also having, on a lower surface thereof, an elec- 
trically conductive member corresponding to the 
magnetic poles of the electromagnets serving as 
the linear motors. 

Brief Description of the Drawings 

Figs. 1 through 3 show a magnetic levitation 
conveyor apparatus according to a first embodl- 
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ment of the present invention. Fig. 1 is a cross- 
sectional view of the structure of a tunnel; Fig. 2 is 
an enlarged cross-sectional view showing the rela- 
tion between a levitating electromagnet and a thin- 

5 wall cap; and Fig. 3 is an enlarged cross-sectional 
view showing the relation between a displacement 
sensor and a thin-wall cap. 

Figs. 4 through 6 show a magnetic levitation 
conveyor apparatus according to a second embodi- 

10 ment of the present invention. Rg. 4 is a set of 
cross-sectional views of the structures of a tunnel; 
Fig. 5 is a plan view of Fig. 4; and Fig. 6 is an 
enlarged fragmentary cross-sectional view of Fig 
.5. 

15 Figs. 7 through 16 show a magnetic levitation 

conveyor apparatus according to a third emt>odi- 
ment of the present invention. Rg. 7 is a sectional 
front elevatlonal view of the structure of a conveyor 
passage and a carriage; Fig. 8 is an enlarged 

20 partial front elevational view illustrative of the rela- 
tive positional relation between a plate member 20 
of magnetic material and magnetic poles of a 
levitating electromagnet 4; Rg. 9 Is a perspective 
view of the carriage used In the conveyor appara- 

25 tus shown In Rgs. 7 and 8; Rg. 10 Is a view 
showing the layout of magnetic pole surfaces of 
levitating electromagnets at a branched point of a 
tunnel which has a substantially orthogonal branch; 
Rg. 1 1 is illustrative of the structure of a magnetic 

30 member fixed to an upper surface of the carriage, 
(A) being a plan view showing the relation between 
the magnetic member and magnetic pole surfaces 
of levitating electromagnets, (B) being a side 
elevational view showing the relation between the 

35 magnetic member and magnetic pole surfaces of 
levitating electromagnets, and (C) being a perspec- 
tive view of the magnetic member; Fig. 12 is illus- 
trative of the structure of the magnetic member 
fixed to the upper surface of the carriage, (A) being 

40 a plan view showing the relation between the mag- 
netic member and magnetic pole surfaces of 
levitating electromagnets, (B) being a side 
elevational view showing the relation between the 
magnetic member and magnetic pole surfaces of 

45 levitating electromagnets, and (C) being an en- 
larged partial view of (B); Rg. 13 Is illustrative of 
the structure of a grooved magnetic member. (A) 
being a plan view showing the shape of the mag- 
netic member, (B) being a side elevational view 

50 showing the positional relation between the mag- 
netic member and C-shaped magnetic poles of 
levitating electromagnets, and (C) being an en- 
larged view of (B); and Figs. 14, 15. and 16 are 
perspective views of various configurations of mag- 

55 netic members fixed to the upper surface of the 
carriage In this embodiment. 

Figs. 17 through 24 show a magnetic levitation 
conveyor apparatus according to a sixth embodi- 
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ment of the present invention. Fig. 17 is a plan 
view of the structure of a conveyor passage at a 
branched point, showing a condition prior to switch- 
ing directions of movement: Fig. 18 is an 
elevational view of the conveyor passage shown in 
Fig. 17; Rg. 19 is an enlarged partial perspective 
view of Fig. 17, showing a condition in which a 
carriage moves in a main conveyor passage; Rg. 
20 is an enlarged partial perspective view of Rg. 
17, showing a condition in which the carriage is 
positioned in a branched point; Rg. 21 is a block 
diagram of a control system; Fig. 22 is a set of 
views showing a procedure for switching opera- 
tive/inoperative magnetic poles of levitating elec- 
tromagnets; and Figs. 23 and 24(A), 24(B) are 
diagrams showing the manner in which the gain of 
the levitating electromagnets is controlled, the hori- 
zontal axis representing the magnetic pole switch- 
ing time and the vertical axis representing the 
value of gain. 

Figs. 25 through 30 show a magnetic levitation 
conveyor apparatus according to a seventh em- 
bodiment of the present invention. Rg. 25 is a 
cross-sectional view along a conveyor passage; 
Rg. 26 is a block diagram of a control system of 
the magnetic levitation conveyor apparatus; Fig. 27 
is a diagram illustrative of a sequence of switching 
conventional levitation magnetic poles; Fig. 28 is a 
set of diagrams illustrative of switching of the con- 
ventional magnetic poles; Fig. 29 is a diagram 
illustrative of switching of magnetic poles according 
to the present invention; and Fig. 30 is a set of 
diagrams illustrative of switching of magnetic poles 
according to another arrangement of the present 
invention. 

Figs. 31 through 33 show a magnetic levitation 
conveyor apparatus according to an eighth embodi- 
ment of the present invention. Fig. 31 is a block 
diagram of a control system; Fig. 32 is a diagram 
showing time-depending characteristics of an offset 
voltage at the time a carriage is landed; and Rg. 33 
is a diagram showing time-depending characteris- 
tics of an offset voltage at the time the carriage is 
levitated. 

Figs. 34 shows a magnetic levitation conveyor 
apparatus according to a ninth embodiment of the 
present invention, i.e., is a partial sectional side 
elevational view of a levitating electromagnet with a 
passive damper. 

Figs. 35 and 36 show a magnetic levitation 
conveyor apparatus according to a tenth embodi- 
ment of the present invention. Fig. 35 is a cross- 
sectional view of the structure of a conveyor pas- 
sage and a carriage; and Fig. 36 is a plan view of 
the structure of the conveyor passage and the 
carriage. 

Figs. 37 and 38 show a magnetic levitation 
conveyor apparatus according to an eleventh em- 



bodiment of the present invention. Rg. 37 is a 
cross-sectional view of a conveyor passage struc- 
ture having a vertical conveyor passage; and Fig. 
38 is a view Illustrating in detail the structure of a 

5 table and a carriage. 

Figs. 39 through 41 show a magnetic levitation 
conveyor apparatus according to a twelfth embodi- 
ment of the present invention. Fig. 39 is a view 
showing a connection between a tunnel and a 

10 processing apparatus; Fig. 40 is a view showing a 
connection between a tunnel and a processing 
apparatus according to another arrangement; and 
Fig. 41 is a view showing a connection between a 
tunnel and a processing apparatus according to a 

75 conventional arrangement. 

Best Mode For Carrying Out The Invention 

The present invention will be described in de- 
20 tail with reference to the accompanying drawings. 
In embodiments described below, the interior 
space of a tunnel is kept in a vacuum condition. 
However, the present invention is also applicable to 
an arrangement in which a clean gas such as a 
25 nitrogen (N2) gas or the like is flowed in a tunnel to 
create a purified space isolated from the exterior. 

(1 St embodiment) 

30 A magnetic levitation conveyor apparatus ac- 

cording to a first embodiment of the present inven- 
tion will be described below with reference to Figs, 
1 through 3. As shown in Fig. 1, the magnetic 
levitation conveyor apparatus has a tunnel 1 con- 

35 structed of a partition 2 and a carriage 3 disposed 
in the tunnel 1. Levitating electromagnets 4 are 
disposed upwardly of the tunnel 1 for levitating and 
supporting the carriage 3 out of contact with the 
partition 2. The levitating electromagnets 4 are 

40 positioned on the atmospheric side, and housed 
respectively in thin-wall caps 5 which serve as 
housing members in the form of thin-wall casings. 
The thin-wall caps 5 extend through the partition 2 
and have respective bottoms exposed in the tunnel 

45 1. 

Fig. 2 shows in detail the levitating electromag- 
net 4 (the coil is omitted from illustration) and the 
thin-wall cap 5. The thin-wall cap 5 has a flange 5a 
on its upper portion, and the flange 5a is tixed to 

50 the partition 2 by bolts 10 with an O-ring 11 inter- 
posed between the flange 5a and the partition 2 for 
sealing the vacuum condition in the tunnel 1. The 
thin-wall cap 5 has a thin bottom wall 5b having a 
thickness t = 1 - 2 mm so as not to impede 

66 magnetic forces of the levitating electromagnet 4. 
The thin-wall cap 5 is made of a nonmetallic ma- 
terial such as ceramics or a metallic material which 
is paramagnetic and has larger electric resistance 
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than aluminum, e.g., stainless steel (SUS304). 

Electromagnet 6 of linear motors for moving 
the carriage 3 are disposed downwardly of the 
tunnel 1. Each of the electromagnets 6 Is posi- 
tioned on the atmospheric side, and housed in a 
thin-wall cap 7 which serves as a housing member 
in the form of a thin-wall casing. The thin-wall cap 
7 extends through the partition 2 and has a bottom 
exposed In the tunnel 1. The thin-wall cap 7 is 
made of a nonmetallic material such as ceramics 
or a metallic material which Is paramagnetic and 
has larger electric resistance than aluminum, e.g.. 
stainless steel (SUS304). 

Displacement sensors 8 are disposed on left 
and right sides of the bottom of the tunnel 1. The 
displacement sensors 8 are housed in respective 
thin-wall caps 9 in the form of thin-wall casings 
which extend through the partition 2 and have tops 
exposed in the tunnel 1 . Each of the displacement 
sensors 8 comprises an eddy-current sensor, and 
each of the thin-wall caps 9 is made of ceramics 
for not impeding the sensing action of the eddy- 
current sensor. Fig. 3 shows in detail the displace- 
ment sensor 8 and the thin-wall cap 9. The thin- 
wall cap 9 has a flange 9a, and an O-ring 11 is 
interposed between the flange 9a and the partition 

2 for sealing the vacuum condition In the tunnel 1. 
The thin-wall cap 9 has a thin top wall 9b having a 
thickness t = 1 - 2 mm, so that the distance 
between the displacement sensor 8 and the car- 
riage 3 falls in a sensing range of the displacement 
sensor 8. 

Although not shown, the levitating electromag- 
nets 4, the electromagnet 6, and the displacement 
sensors 8 are arranged at equal intervals in the 
direction in which the carriage 3 is movable forward 
(the direction normal to the sheet of Fig. 1). An 
electromagnet (not shown) of an electromagnetic 
brake is disposed in a position where the carriage 

3 Is to stop. 

In the magnetic levitation conveyor apparatus 
of the above structure, the displacement sensors 8 
detect the vertical distance from the displacement 
sensors 8 to the carriage 3, and outputs the de- 
tected distance to a levitation control circuit (not 
shown). In response to the output signal from the 
displacement sensors 8, the levitation control cir- 
cuit increases or reduces an exciting current sup- 
plied to the levitating electromagnets 4 to control 
magnetic attractive forces acting on the carriage 3. 
Accordingly, the carriage 3 can stably be levitated 
vertically out of contact with the partition 2. The 
electromagnets 6 of the linear motors generate an 
eddy current In an electrically conductive member 
(not shown) on the lower surface of the carriage 3 
for propelling and moving the carriage 3 in the 
forward direction (the direction normal to the sheet 
of Fig. 1). 



In this embodiment, the levitating electromag- 
nets 4, the linear motors 6, and the displacement 
sensors 8 are disposed outside of the partition of 
the tunnel 1 . and housed respective in the thin-wall 

5 caps 5, 7, 9 in the form of thin-wall casings which 
extend through the partition 2 and are partly ex- 
posed in the tunnel 1 . Since no other components 
than the carriage 3 are disposed in the tunnel 1, 
neither gases or fine particles are produced in the 

10 tunnel 1. thus preventing a workpiece carried by 
the carriage 3 from being contaminated. Since no 
gases are produced in the tunnel 1, a high degree 
of vacuum can be achieved in the tunnel 1 . 

While the O-rings are used to provide a seal 

75 between the thin-wall caps and the partition in the 
above embodiment, metal seals may be interposed 
between the thin-wall caps and the partition. Alter- 
natively, the thin-wall caps may be welded to the 
partition to seal the vacuum condition in the tunnel. 

20 Inasmuch as the levitating electromagnets, the 

linear motors, and the displacement sensors are 
disposed outside of the tunnel, the maintenance of 
the coils and the displacement sensors can be 
facilitated. In addition, the maintenance of these 

25 parts can be carried out while the vacuum con- 
dition is being kept in the tunnel. 

(2nd emt)odiment) 

30 A magnetic levitation conveyor apparatus ac- 

cording to a second embodiment of the present 
invention will be described below with reference to 
Figs. 4 through 6. Fig. 4 is a set of vertical cross- 
sectional views of tunnel structures (A), (B) of the 

35 magnetic levitation conveyor apparatus, and Fig. 5 
is a plan view of the tunnel structures. As shown in 
Rgs. 4(A), (B), the magnetic levitation conveyor 
apparatus comprises a tunnel 1 constructed of par- 
titions with a vacuum maintained therein, and a 

40 carriage 3 disposed in the tunnel 1 . 

In the tunnel structure (A), the partitions of the 
tunnel 1 include left and right partitions 1 3, 1 4 and 
upper and lower partitions 15, 16. The upper and 
lower partitions 15, 16 comprise respective thin 

45 plates 1 5a. 1 6a in the form of stainless steel sheets 
(SUS304) disposed on the vacuum side for shield- 
ing the vacuum, and respective thick reinforcing 
plates 15b, 16b in the form of thick stainless steel 
sheets disposed on the atmospheric side and rigid 

50 enough to reinforce the thin plates 15a, 16a. The 
left and right partitions 13, 14 comprise respective 
thick aluminum sheets. Each of the thin plates 15a, 
16a has a thickness t of about 1 mm. 

In the tunnel structure (B). the partitions of the 

55 tunnel 1 include thin plates 13a, 14a, 15a, 16a in 
the form of stainless steel sheets disposed on the 
vacuum side and reinforcing plates 13b, 14b, 15b 
in the form of rigid thick aluminum sheets disposed 
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on the atmospheric side. The thin plates 13a, 14a, 
15a, 16a are welded or brazed to each other to 
provide a hermetic seal. The reinforcing plate 15b 
and the reinforcing plates 13b. 14b are separate 
from each other, and fastened to each other by an 
adhesive or bolts. 

In the tunnel structure (A). 0-rings 1 1 for seal- 
ing the vacuum are interposed between the upper 
and lower partitions 15, 16 and the left and right 
partitions 13, 14. The upper and lower partitions 15, 
16 and the left and right partitions 13, 14 are 
fastened to each other by bolts 10. 

As shown in Fig. 6, an anchor bolt 10a is 
welded to the thin plate 15a, and the thin plate 15a 
and the reinforcing plate 15b are integrally fastened 
to each other by a nut 15b threaded over the 
anchor bolt 10a. The thin plate 15a and the re- 
inforcing plate 15b of the upper partition 15 are 
integrally bonded to each other in a region other 
than the anchor bolt 10a. The thin plate 16a and 
the reinforcing plate 16b of the lower partition 16 
are integrally bonded to each other. 

Levitating electromagnets 4 for levitating and 
supporting the carriage 3 out of contact with the 
partitions of the tunnel 1 are arrayed on the upper 
partition 15 at equal intervals in the direction in 
which the carriage 3 is moved forward (see Fig. 5). 
The levitating electromagnets 4 have magnetic 
poles 4a extending through the reinforcing plate 
15b and disposed adjacent to the thin plate 15a, 
and coils 4b disposed outside of the reinforcing 
plate 15b. 

Linear motors 6 composed of electromagnets 
for moving the carriage 3 are mounted on the lower 
partition 16. The linear motors 16 are arrayed at 
equal intervals in the direction in which the carriage 
3 Is moved forward. The linear motors 6 have 
magnetic poles 6a extending through the reinforc- 
ing plate 16b and disposed adjacent to the thin 
plate 16a, and coils 6b disposed outside of the 
reinforcing plate 16b. Displacement sensors 8 for 
detecting the vertical distance therefrom to the 
carriage 3 are mounted on the lower partition 16. 

The magnetic levitation conveyor apparatus 
shown in Fig. 4(A) or (B) operates as follows: The 
levitating electromagnets 4 are first energized by a 
control circuit (not shown) to apply magnetic attrac- 
tive forces through the thin plate 16a to the car- 
riage 3 with a magnetic member (not shown) dis- 
posed on an upper surface thereof for thereby 
levitating the carriage 3. The distance by which the 
carriage 3 is lifted is detected by the displacement 
sensors 8 through the thin plate 15a, and an excit- 
ing current supplied to the levitating electromag- 
nets 4 is controlled depending on the output signal 
from the displacement sensors 8. While the car- 
riage 3 remains lifted by the levitating electromag- 
nets 4, the carriage 3 is propelled and moved by 



the linear motors 6 in the forward direction (the 
direction normal to the sheet of Fig. 1). 

In this embodiment, each of at least the upper 
and lower partitions of the tunnel comprises a thin 

6 plate for shielding the vacuum and a reinforcing 
plate which reinforces the thin plate, and the thin 
plate and the reinforcing plate are joined to each 
other by an adhesive or a bolt and nut. Therefore, 
the partitions are highly rigid to minimize any de- 

70 formation of the tunnel. Since each of the partitions 
of the tunnel is composed of two pieces, they can 
be machined In a manner to match the characteris- 
tics of the components, can easily be machined, 
and can be manufactured with a reduced cost. The 

75 number of O-rings used is minimized, and a high 
degree of vacuum can be achieved. 

(3rd embodiment) 

20 The structure of a conveyor passage and a 

carriage of a magnetic levitation conveyor appara- 
tus according to a third embodiment of the present 
invention will be described below with reference to 
Rgs. 7 through 1 6. 

25 Fig. 7 shows the structure of a conveyor pas- 

sage and a carriage. A carriage 3 Is moved In a 
tunnel surrounded by a partition 2 made of a non- 
magnetic material such as stainless steel or the 
like. The partition 2 includes an upper partition 

30 plate 15 on which levitating electromagnets 4 are 
anrayed in two rows. Displacement sensors 8 and 
electromagnets 6 of linear motors are arrayed on a 
lower surface of the partition 2. 

The carriage 3 has an outer shell 19 made of 

36 aluminum which serves as a secondary conductor 
(electrically conductive member) in a lower portion 
of the carriage 3 which confronts the linear motors 
6. The carriage 3 is thus propelled in the direction 
normal to the sheet of Fig. 7. 

40 A plate member (magnetic member) 20 made 

of a magnetic material is mounted on an upper 
surface of the outer shell 19 of the carriage 3. As 
shown in Fig. 8, the magnetic member 20 has a 
width equal to the width Wp of the magnetic poles 

45 Of the levitating electromagnets 4. The magnetic 
member 20 is displaced a distance "a" in a guiding 
direction (the direction Indicated by the arrow H in 
Fig. 8) toward the respective opposite sides of the 
carriage 3 (outwardly In the direction Indicated by 

50 the arrow H in Fig. 8). The distance "a" may be nil. 

In Fig. 7, the displacement sensors 8 that are 
disposed below the carriage 3 in confronting rela- 
tion to the levitating electromagnets 4 detect the 
vertical distance therefrom to the lower surface of 

55 the carriage 3. and output the detected distance to 
a levitation control circuit (not shown). In response 
to the output signal from the displacement sensors 
8, the levitation control circuit increases or reduces 
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an exciting current supplied to the levitating elec- 
tromagnets 4 to control magnetic attractive forces 
acting on the plate member 20 of magnetic ma- 
terial' on the upper surface of the carriage 3. There- 
fore, the carriage 3 can be suspended vertically 
and stably levitated to a target position out of 
contact with the partition. 

When the levitating electromagnets 4 are sup- 
plied with a current to apply magnetic attractive 
forces therefrom to the plate member 20 of mag- 
netic material, since the plate member 20 of mag- 
netic material and the magnetic pole surfaces of 
the levitating electromagnets 4 are positioned rela- 
tively to each other as described above, the plate 
member 20 of magnetic material is subjected to 
forces tending to move the plate member 20 of 
magnetic material toward the center of the carriage 
3. As a result, the carriage 3 Is passively positioned 
in the guiding direction (the direction H in Fig. 8). 

As can be seen from Fig. 7, the outer shell 19 
of the carriage 3 has a carriage opening 3-0 de- 
fined in a side wall thereof, and the partition 2 has 
a partition opening 2-0 defined in a side wall there- 
of. A workpiece can be taken into and out of the 
carnage 3 through the carriage opening 3-0 and 
the partition opening 2-0. The positional relation of 
the plate member 20 of magnetic material, the 
carriage 3, and the carriage opening 3-0 is shown 
by way of example in Fig. 9. 

In the embodiment shown In Fig. 7, the dis- 
placement sensors 8 are of the eddy-current type 
for detecting the vertical position of the lower sur- 
face of the carriage based on an eddy current 
produced in the lower surface of the carriage which 
is made of an aluminum plate. To prevent the 
partition 2 from electromagnetically affecting the 
displacement sensors 8. the displacement sensors 
8 are encased in nonconductive sensor caps made 
of ceramics, for example. The carriage 3 has emer- 
gency wheels 46. 

In Fig. 7, an electromagnetic brake 18 compris- 
ing an electromagnet is disposed midway between 
the levitation electromagnets 4. The electromagnet 
of the electromagnetic brake 18 cooperates with a 
brake target (not shown) fixed to the center of the 
upper surface of the carriage 3 in defining a mag- 
netic path for positioning the carriage 3 under 
magnetic attractive forces. 

A mount member 21 is disposed in the car- 
riage 3 for holding a semiconductor wafer 22 or the 
like as a workpiece so that the semiconductor 
wafer 22 will not be damaged during movement. 

Although not shown, the levitating electromag- 
nets 4 disposed on the left and right sides of the 
partition 2, the linear motors 6 disposed on the 
lower side of the partition 2, and the displacement 
sensors 8 disposed on the lower side of the parti- 
tion 2 in alignment with the levitating electromag- 



nets 4 are arranged at equal intervals in the direc- 
tion in which the carriage 3 Is movable forward (the 
direction normal to the sheet of Rg. 7). The elec- 
tromagnet brake 18 is disposed only in a position 

5 where the carriage 3 is to stop. The position shown 
in Fig. 7 Is such a position where the carriage 3 is 
to stop, i.e., a position where there is an installation 
for processing the wafer 22 that has been con- 
veyed. However, no electromagnet brake 18 is 

10 disposed in locations where the carriage 3 does not 
stop. The partition 2 is elongate in the direction in 
which the carriage 3 is movable forward (the direc- 
tion normal to the sheet of Fig. 7). 

In operation, while the carriage 3 is being lifted 

75 by the levitating electromagnets 4, the carriage 3 is 
propelled and move in the forward direction by the 
linear motors 6 out of contact with the partition 2. 
At the stop position, the carriage 3 is stopped by 
the electromagnetic brake 1 8, and a robot arm (not 

20 shown) or the like is used to take the wafer 22 into 
or out of the carriage 3 through the partition open- 
ing 2-0 and the carriage opening 3-0. 

As shown in Rg. 9, the plate member 20 of 
magnetic material in the shape of a centrally open 

25 rectangle is fixed to the upper surface of the outer 
shell of the carriage 3. The carriage opening 3-0 is 
defined in each of the four side walls of the outer 
shell of the carriage 3. 

The plate member 20 of magnetic material 

30 comprises, as shown in Figs. 14(A), (B), two par- 
allel magnetic pieces 20x and two parallel magnetic 
pieces 20y extending perpendicularly to the mag- 
netic pieces 20x so as to correspond to the mag- 
netic pole surfaces of the levitation electromagnets 

35 arrayed in two rows. 

Fig. 10 shows a branched point of the tunnel 
where the conveyor passage is branched ortho- 
gonally. In the branched point, the tunnel 1 is 
branched along the directions M, P of movement, 

40 and two rows of levitation electromagnets 4 are 
arrayed along each of main and branched conveyor 
passages. Since the carriage 3 has on its upper 
surface the plate member 20 of magnetic material 
which is composed of two parallel magnetic pieces 

45 extending in the direction In which the carriage 3 
conveys a workpiece and two parallel magnetic 
pieces extending perpendicularly thereto, so as to 
correspond to the magnetic pole surfaces of the 
levitation electromagnets 4, it is possible for the 

50 carriage 3 to change its directions from M to P or P 
to M while it is t>eing levitated. 

With the plate member 20 of magnetic material 
in the shape of a centrally open rectangle being 
fixed to the upper surface of the carriage 3, as 

55 shown in Fig. 9, since the linear motors for moving 
the carriage are also electromagnets for generating 
a moving magnetic field, if the linear motors were 
mounted on the center of the upper partition, then 
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they would apply magnetic attractive forces to the 
plate member 20 of magnetic material, which 
would not be preferable. The linear motors should 
preferably be positioned at the center of the car- 
riage In view of a space factor and stability of the 
thrust imposed by the linear motors. Therefore, the 
linear motors 6 are necessarily disposed on the 
central area of the lower partition. 

The displacement sensors 8 comprise eddy- 
current sensors or Inductive sensors, and have 
better sensitivity or linearity If the vertical gap be- 
tween themselves and the target, i.e.. the lower 
surface of the carriage to be detected, is smaller. 
The carriage is required to be controlled properly 
when it falls downwardly (in the direction of grav- 
ity). Consequently, the vertical position of the car- 
riage can be controlled with greater accuracy by 
positioning the displacement sensors 8 on the low- 
er surface of the partition 2. If the displacement 
sensors were mounted on the upper surface of the 
partition, then they would have to be disposed 
between the magnetic poles of the levitation elec- 
tromagnets, and such an arrangement would re- 
quire the magnetic poles to be increased In width, 
resulting in a larger size of the levitation elec- 
tromagnets. Therefore, the displacement sensors 8 
should preferably be disposed on the lower surface 
of the partition 2 in lower positions corresponding 
to the levitation electromagnets. The electromagnet 
18 of the electromagnetic brake is disposed in a 
remaining space, i.e., on the upper partition plate 
15 of the partition 2 between the levitation elec- 
tromagnets 4. The components are thus arranged 
so as to provide a compact conveyor passage 
which is well balanced as a whole as shown In Rg. 
7. 

The plate member 20 of magnetic material 
(magnetic member) mounted on the upper surface 
of the carriage will be described in detail below. 
Fig. 11(A) shows the positional relation between the 
magnetic pole surfaces 4 of the levitation elec- 
tromagnets and the magnetic member 20 on the 
upper surface of the carriage at a branched point of 
the conveyor passage. The carriage to which the 
magnetic member 20 in the shape of a centrally 
open rectangle is fixed is lifted by magnetic attrac- 
tive forces produced from magnetic pole surfaces 
4a, 4b of the levitation electromagnets that are 
arrayed along main and branched conveyor pas- 
sage along which the carriage is movable, and is 
propelled by the linear motors (not shown) to move 
in the tunnel while being held out of contact with 
the partition. Fig. 11(A) illustrates a branched loca- 
tion of the conveyor passage, where the main 
conveyor passage in the direction M and the 
branched conveyor passage in the direction P In- 
tersect with each other. Fig. 11(C) shows in per- 
spective the magnetic member 20 fixed to the 



carriage 3. The magnetic member 20 has sides 
whose widths Wa, Wb are substantially the same 
as the width W of the magnetic pole of each of the 
levitation electromagnets. 
5 Fig. 11(B) is a side elevational view of Fig. 11- 

(A). illustrating the manner in which the carriage is 
lifted by the levitation electromagnets. The levita- 
tion electromagnets are arrayed on a main frame of 
the conveyor apparatus, and the magnetic pole 
70 surfaces 4a, 4b of the levitation electromagnets are 
disposed in confronting relation to the magnetic 
member 20 that is fixed to the upper surface of the 
carriage. Each of the levitation electromagnets has 
a C-shaped magnetic pole. As shown in Fig. 12(C), 
75 a closed magnetic path (magnetic flux $) is formed 
in the magnetic member 20 from the magnetic pole 
surfaces of the electromagnets through the partition 
(not shown) and gaps. Therefore, magnetic shear- 
ing forces B are generated between the ends of the 
20 magnetic pole surfaces 4a, 4b and the ends of 
sides of the magnetic member 20. thus producing 
a so-called guiding rigidity for guiding the carriage 
passively toward the magnetic center. 

Fig. 12(A) is a plan view showing by way of 
25 example the positional relation between the mag- 
netic member 20 fixed to the upper surface of the 
carriage and the magnetic pole surfaces 4b of the 
electromagnets, the view being Illustrative of the 
magnetic pole surfaces 4b positioned at corners of 
30 the magnetic member 20 as shown hatched. Fig. 
1 2(B) Is a cross-sectional view taken along line A - 
A* of Fig. 12(A). When the electromagnets are 
energized, two areas indicated at B' are located at 
the magnetic poles 4b and the ends of the mag- 
35 netic member 20, where magnetic shearing forces 
B are generated for guiding the carriage 3 toward 
the magnetic center while the carriage 3 is moving 
in the direction P. 

The carriage to which the magnetic member 20 
40 in the shape of a centrally open rectangle is fixed 
is moved along the main conveyor passage in the 
direction M, and stopped by the non-illustrated 
electromagnetic brake at the point of intersection 
between the main conveyor passage In the direc- 
ts tion M and the branched conveyor passage In the 
direction P. At the point of intersection, the mag- 
netic pole surfaces for keeping the carriage lifted 
are switched from 4a to 4b, and a propelling means 
such as non-illustrated linear motors is actuated to 
50 propel the carriage in the direction P. The carriage 
Is now moved in the direction P along the branched 
conveyor passage. While the directional change 
from the direction M to the direction P has been 
described above, the carriage may change its di- 
ss rection from P to M. Accordingly, the carriage to 
which the magnetic member in the shape of a 
centrally open rectangle is fixed can change its 
direction easily by switching the conveyor pas- 
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sages to which the electromagnets for keeping the 
carriage lifted belong. A process of switching the 
electromagnets for keeping the carriage lifted will 
be described In detail later on with respect to a 
sixth embodiment. 

(4th and 5th embodiments) 

Figs. 13, 15, and 16 show magnetic levitation 
conveyor apparatus according to fourth and fifth 
embodiments of the present invention. Fig, 13(A) 
shows in plan the shape of a magnetic member 
20b. The magnetic member 20b which is in the 
shape of a centrally open rectangle comprises ele- 
ments 20bl serving as four sides and elements 
20bs serving as four corners. These elements 20bl, 
20bs are spaced by gaps "d** therebetween. Thus, 
the magnetic member 20b is composed of four 
side elements 20bl and four corner elements 20bs, 
each having ridges, with gaps "d" or grooves 
present between these elements. The gaps 
(grooves) "d" extend In the direction in which the 
carriage moves and the direction perpendicular 
thereto. 

The four side elements 20bl have respective 
recesses (grooves) 24 defined centrally therein 
which extend in the direction in which the carriage 
moves and the direction perpendicular thereto. The 
four corner elements 20bs also have respective 
recesses (grooves) 24 defined centrally therein. 

Fig. 13(B) is a sectional side elevational view 
showing the positional relation between the mag- 
netic poles of levitation electromagnets and the 
magnetic member, and Fig. 13(C) is an enlarge 
partial view thereof. Levitation electromagnets 4a, 
4b have cross-sectionally C-shaped magnetic poles 
as shown each divided into magnetic pole surfaces 
4bl . 4b2. A magnetic flux # flows in a closed loop 
which extends from the magnetic pole 4b1 through 
a ridge 20bl1 or 20bs1, below the groove 24, 
through a ridge 20bl2 or 20bs2 and the magnetic 
pole 4b2. Each of the four side elements and the 
four corner elements has a recess (groove) 24 in 
its central region, with the gap "d" between adja- 
cent ones of the elements. Therefore, magnetic 
shearing forces are produced at four locations in- 
dicated at D with respect to one electromagnet 
having a cross-sectionally C-shaped magnetic pole. 
The so-called guiding rigidity for guiding the car- 
riage passively to the magnetic center is greatly 
increased as compared with the first embodiment. 
Since the magnetic member 20b is substantially in 
the shape of a centrally open rectangle also in this 
embodiment, the carriage can easily change its 
directions at a branched point of the conveyor 
passage. 

Figs. 15 and 16 show modifications of the 
magnetic member 20. In each of the modifications. 
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four corners or four sides of the magnetic mem- 
bers have recesses (grooves) 24 or gaps "d". In 
these recesses 24 or the gaps "d", magnetic 
shearing forces are generated between the mag- 

6 netic member and the magnetic pole surfaces of 
cross-sectionally C-shaped magnetic poles of levi- 
tation electromagnets, thus increasing so-called 
guiding rigidity for guiding the carriage passively to 
the magnetic center under magnetic centripetal 

10 forces. Since the magnetic member is substantially 
in the shape of a centrally open rectangle also in 
these modifications, the carriage can easily change 
its directions at a branched point of the conveyor 
passage. 

15 

(6th embodiment) 

Changing the directions of a carriage of a mag- 
netic levitation conveyor apparatus according to a 

20 sixth embodiment of the present invention, at a 
branched point having substantially orthogonal 
branched passages will be described below with 
reference to Figs. 17 through 24. 

As shown in Rgs. 17 and 18. the magnetic 

25 levitation conveyor apparatus has a number of ar- 
rayed levitation electromagnets 4, a conveyor pas- 
sage 23 including a main conveyor passage 23a 
and branched conveyor passages 23b. 23c 
branched from the main conveyor passage 23a at a 

30 branched point 26, a carriage 3 levitated under 
magnetic forces from the levitation electromagnets 
4 and movable by propelling forces generated by 
linear motors (not shown) along the conveyor pas- 
sage 23 in a tunnel (not shown) defined by a 

35 partition, and a switching means 25 for changing 
the directions of movement of the carriage 3 at the 
branched point 26. The switching means 25 In- 
cludes a plurality of (four in Rgs. 7 and 8) levitation 
electromagnets 4 arrayed in the direction of the 

40 main conveyor passage 23a and a plurality of as 
many levitation electromagnets 4 arrayed in an- 
other direction and disposed adjacent respectively 
to the above levitation electromagnets 4. When the 
carriage 3 reaches the branched point 26 from one 

45 of the conveyor passages (e.g., the main conveyor 
passage 23a), the switching means 25 switches 
successively from one set of levitation electromag- 
nets (e.g., electromagnets 4x) in an operative con- 
dition to the other set of levitation electromagnets 

so (e.g., electromagnets 4y) in an inoperative con- 
dition. 

The main conveyor passage 23a is oriented In 
a main conveying direction C, and the branched 
conveyor passages 23b, 23c are oriented in re- 
55 spective directions D, E perpendicular to the main 
conveying direction C in a T-shaped or cross- 
shaped pattern. Only one of the branched conveyor 
passages 23b, 23c may be employed, and the 
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branched conveyor passages 23b, 23c may be 
oriented not perpendicularly to the main conveying 
direction C. If the branched conveyor passages 
23b. 23c were oriented not perpendicularly to the 
main conveying direction C, then the levitation 
electromagnets would be arrayed out of alignment 
with the perpendicular directions. Therefore, the 
branched conveyor passages 23b, 23c should be 
oriented at about 90* with respect to the main 
conveying direction C. 

As shown in Figs. 1 7 through 1 9, a pair of left 
and right rows of levitation electromagnets 4, which 
serve as magnetic bearings and are also called 
levitation magnetic poles, are arrayed on a lower 
surface of a main frame 27 of the conveyor pas- 
sage 23 at a predetermined pitch in the conveying 
direction C. D. or E. Each of the electromagnets 4, 
as a primary side, comprises a coil and a magnetic 
yoke, whereas the magnetic member 20, as a 
secondary side, described in detail in the previous 
embodiment, is mounted on the peripheral edge of 
an upper surface of the carriage 3. the magnetic 
member 20 being composed of a yoke which 
serves as a target to be levitated. The magnetic 
member 20 is positioned below the electromagnets 
4 with a non-illustrated tunnel partition interposed 
therebetween so that the carriage 3 can be lifted 
out of contact with the tunnel under magnetic at- 
tractive forces produced by the electromagnets 4. 
The electromagnets 4 as the primary side and the 
magnetic member 20 as the secondary side jointly 
constitute an array of magnetic levitation devices 
extending in the conveying directions C, D, E. 

The carriage 3 is moved when propelled out of 
contact with the partition by non-illustrated linear 
motors. The linear motors include respective sta- 
ters (electromagnets) arrayed on a lower surface of 
a tunnel partition. An electrically conductive mem- 
ber such as an aluminum plate Is mounted on a 
lower surface of the carriage 3. A spatial moving 
magnetic field generated by the stators of the 
linear motors causes an eddy current to be pro- 
duced in the electrically conductive member moun- 
ted on the lower surface of the carriage 3, which Is 
then subjected to propelling forces to move the 
carriage 3 out of contact with the tunnel partition. 

Only those of the levitation electromagnets 4 
which are required to lift the carriage 3 are en- 
ergized. Specifically, the arrayed electromagnets 4 
are switched successively into and out of an oper- 
ative condition along the direction in which the 
carriage 3 is to move, according to a detected 
signal indicative of the position of the carriage, 
thereby switching the magnetic poles on and off to 
successively generate magnetic attractive forces 
applied to the magnetic member 20 on the carriage 
3. The carriage 3 now moves in the conveying 
direction C, D. or E while keeping a predetermined 



gap below the lower surface of the partition of the 
conveyor passage. Switching of the levitation elec- 
ti'omagnets as the carriage moves will be de- 
scribed in detail later on with respect to an eighth 

5 embodiment of the present invention. 

A mechanical arrangement of the switching 
means 25 which is operated at the branched point 
26 will be described below with reference to Fig. 
20. At the branched point 26, electromagnets 4x 

10 arrayed in the direction of the main conveying 
passage 23a at regular Intervals in the same ori- 
entation as the levitation electromagnets 4 in the 
main conveyor passage 23a. and electromagnets 
4y arrayed in the directions of the branched con- 

15 veying passages 23b, 23c at regular intervals in the 
same orientations as the levitation electromagnets 
4 In branched conveying passages 23b, 23c are 
mounted on an upper partition surface of the tunnel 
with the magnetic pole surfaces facing downwardly. 

20 The electromagnets 4x, 4y are positioned perpen- 
dicularly to each other and disposed adjacent to 
each other to prevent the carriage from vibrating 
when the levitation electromagnets are switched to 
change the conveying directions. Displacement 

25 sensors 8 for detecting the levitated position of the 
carriage 3 are mounted on a tunnel partition (not 
shown) directly below the respective levitation elec- 
tromagnets 4x, 4y, 

Fig. 21 shows in block form a control system 

30 for the levitation electromagnets of the magnetic 
levitation conveyor apparatus. A process for con- 
trolling the switching on and off of the magnetic 
poles to lift the carriage and the levitated position 
of the carriage will be described below with refer- 
as ence to Fig. 21 . 

A control circuit 28 is a closed-loop control 
circuit for controlling an exciting current to be sup- 
plied to the levitation electromagnets 4x based on 
an output signal from the displacement sensors 8. 

40 The signal from the displacement sensors 8 which 
is indicative of the detected levitated position (dis- 
placement) of the carriage 3 is amplified by a 
sensor amplifier 31. The gain of the control circuit 
28 which Is preset by a control unit 29 Is adjusted 

45 by a gain controller 32. The detected levitated 
position is compared with a target levitation value 
which is preset by the control unit 29 by a target 
levitation value controller 33. A compensating cir- 
cuit 34 adjusts the phase of the closed-loop control 

50 circuit. An output signal from the compensating 
circuit 34 is amplified by a power amplifier 35, and 
the amplified signal is supplied as an exciting cur- 
rent to the levitation electromagnets 4x. The levita- 
tion electromagnets 4x then generate magnetic at- 

55 tractive forces corresponding to the supplied excit- 
ing current, for thereby attracting the magnetic 
member target on the carriage 3 to control the 
levitated position of the carriage 3. 
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The control unit 29 comprises an A/D converter 
37, a D/A converter 39, a control signal generator 
40 for generating a gain signal and a target levlta- 
tion value signal, and a CPU 38. The control unit 
29 serves to control the switching on and off of the 
magnetic poles to lift the carriage 3. After the 
output signal from the displacement sensors 8 is 
amplified by the sensor amplifier 31, it is converted 
by the A/D converter 37 into a digital signal which 
is supplied to the CPU 38 for detecting the position 
of the carriage 3 with respect to the magnetic poles 
to lift the carriage 3. For example, the control unit 
29 can produce a signal indicative of a detected 
carriage position for switching a certain levitation 
electromagnet from an inoperative condition into an 
operative condition to lift the caniage as it moves. 
The control signal generator 40 supplies the gain 
controller 32 and the target levitation value control- 
ler 33 respectively with a signal indicative of a loop 
gain of the control circuit 28 and a signal indicative 
of a target levitation value of the carriage 3. There- 
fore, when the gain is varied from 0 to a certain 
preset value (or when the target levitation value is 
varied from a certain preset value corresponding to 
an inoperative condition to a certain preset value 
corresponding to an operative condition) by the 
control signal generator 40, a levitation electromag- 
net can be switched from an inoperative condition 
Into an operative condition with the given gain and 
target levitation value. 

As shown in Fig. 26, the levitation electromag- 
nets and the displacement sensors arrayed in the 
direction in which the carriage moves are succes- 
sively switched on and off in that direction as the 
carriage moves, for thereby keeping the carriage 
lifted. The magnetic levitation conveyor apparatus 
has eight control circuits for detecting the levitated 
position with sensor amplifiers 8 and lifting the 
carriage to a target position with the energization of 
power amplifiers 35 to control adjacent four pairs of 
electromagnets of the two rows of electromagnets. 
The pairs of electromagnets to be controlled are 
selected when switches 42 are closed according to 
a signal from a selective signal generator 41 . 

When the levitation electromagnets 4 In the 
main conveyor passage 23a are controlled by a 
control signal from the control unit 29 and the 
control circuit 28, the magnetic member 20 is at- 
tracted by magnetic attractive forces produced by 
the energization of the levitation electromagnets 4, 
lifting the carriage 3, and the carriage 3 is propel- 
led by the linear motors to move in the direction C 
in the main conveyor passage 23a until it arrives at 
the branched point 26. If the carriage 3 is to move 
straight in the main conveyor passage 23a, then 
the electromagnets 4x of the switching means 25 at 
the branched point 26, which are arrayed in the 
direction of the main conveyor passage, are con- 



trolled in the same manner as the levitation elec- 
tromagnets 4. The carriage 3 as it remains lifted 
passes through the branched point 26, and is trans- 
ferred to and lifted by the levitation electromagnets 

5 4 in a forward section of the main conveyor pas- 
sage 23a. The carriage 3 is continuously moved by 
switching these levitation electromagnets according 
to a signal representative of a detected carriage 
position. If, however, the direction of the carriage 3 

TO is to change from the direction C of the main 
conveyor passage 23a to the direction D or E of 
the branched conveyor passage 23b or 23c at the 
branched point 26. then the switching means 25 is 
controlled by the control unit 29 and the control 

75 circuit 28 as follows: 

A switching sequence will be described below 
with reference to Figs. 22 and 23. Reference char- 
acters I. HI, 1, 3 in Rgs. 22(A) through (D) repre- 
sent positions of electromagnets 4x arrayed In the 

20 direction of the main conveyor passage, and refer- 
ence characters r, lir 1', 3* represent positions of 
electromagnets 4y arrayed in the direction of the 
branched conveyor passage. 

As shown in Rg. 22. when the carriage 3 

25 arrives at the branched point 26, the carriage 3 is 
supported out of contact with the tunnel partition 
while remaining levitated by magnetic attractive 
forces and guiding rigidity produced by the elec- 
tromagnets 4x that are controlled to lift the carriage 

30 3 in the main conveying direction and located at 
the positions indicated by I. III. 1. 3 (the condition 
shown in Fig. 22(A)). 

The control signal generators 40 of levitation 
control systems (loops) associated with the elec- 

35 tromagnets 4y located at the positions indicated by 
nr. V output a target levitation voltage, the gain of 
the levitation control systems are set to 0, and 
switches 42 which have been open are closed. 
The gain is progressively increased from 0 to a 

40 preset value for an operative condition over a 
preset period of time by the control signal gener- 
ators 40 of the levitation control systems (loops) 
associated with the electromagnets 4y located at 
the positions indicated by III*. 1*. thereby gradually 

46 flowing a current to the electromagnets 4y to put 
the electromagnets 4y Into an operative condition. 
At the same time, the gain is progressively de- 
creased from a preset value for an operative con- 
dition to 0 over a preset period of time by the 

50 control signal generators 40 of levitation control 
systems (loops) associated with the electromagnets 
4x located at the positions indicated by III. 1, after 
which the switches 42 which have been closed are 
opened (see Fig. 22(B), Fig. 23). 

55 After elapse of a preset waiting time, the con- 

trol signal generators 40 of levitation control sys- 
tems (loops) associated with the electromagnets 4y 
located at the positions indicated by r, 3' output a 
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target levitation voltage, the gain of the tevitation 
control systems are set to 0, and switches 42 
which have been open are closed. 

The gain is progressively increased from 0 to a 
preset value for an operative condition over a 
preset period of time by the control signal gener- 
ators 40 of the levitation control systems (loops) 
associated with the electromagnets 4y located at 
the positions indicated by 1', 3', thereby gradually 
flowing a current to the electromagnets 4y to put 
the electromagnets 4y into an operative condition. 
At the same time, the gain is progressively de- 
creased from a preset value for an operative con- 
dition to 0 over a preset period of time by the 
control signal generators 40 of levitation control 
systems (loops) associated with the electromagnets 
4x located at the positions indicated by I, 3, after 
which the switches 42 which have been closed are 
opened (see Fig. 22(C), Fig. 23). 

Through the above sequence, the carriage 3 is 
now suspended by magnetic attractive forces gen- 
erated by the four electromagnets 4y that are new- 
ly controlled to lift the carriage 3 and located at the 
positions indicated by r. Ill', 1*, 3' (see Rg. 22(D)). 
The magnetic poles to lift the carriage 3 are now 
switched from the electromagnets 4x arrayed in the 
main conveying direction, which have initially been 
magnetic poles to lift the carriage 3, to the elec- 
tromagnets 4y arrayed in the direction of the 
branched conveyor passage which Is angularly 
spaced about 90* from the main conveying direc- 
tion. The carriage 3 moves in the direction D or E 
of the branched conveyor passage 23b or 23c In 
this embodiment, when the gains of the elec- 
tromagnets 4x, 4y at the branched point 26 are 
controlled, diagonally opposite electromagnets are 
handled as sets, and they are switched from III to 
III' and from 1 to 1' at the same time, and then 
switched from 1 to 3' and from 3 to V at the same 
time. Since the gains are gradually changed in a 
crossover relation to each other, any vibration 
which the carriage 3 tends to suffer upon switching 
can greatly be reduced. 

In the atx>ve embodiment, the control means 
has been described which causes the control unit 
29 to gradually change the gains of the control 
circuits over the preset periods of time when the 
levitation electromagnets in an operative condition 
are brought into an inoperative condition and the 
levitation electromagnets in an inoperative condi- 
tion are brought into an operative condition. The 
same result can be achieved by causing the con- 
trol unit 29 to gradually vary the target levitation 
voltage representative of a target levitation value 
for the carriage, or by gradually varying the gains 
of the control circuits and simultaneously gradually 
varying an offset voltage representative of a target 
levitation value for the carriage. In Rg. 23, the 



voltage indicative of the gain or the target levitation 
value Is linearly varied in a time to. However, the 
voltage may be varied along a curve, as shown in 
Fig. 24(A) or 24(B). 

5 When the levitation electromagnets in an oper- 

ative condition are brought into an inoperative con- 
dition and the levitation electromagnets in an inop- 
erative condition which are arranged in a different 
conveying direction are brought Into an operative 

70 condition, closest electromagnets in operative and 
inoperative conditions, respectively, are handled as 
a set and switched from one to the other. In the 
above sequence, the two sets of electromagnets 
are switched from 111 to III' and from 1 to 1' at the 

75 same time, and then from I to 3' and from 3 to V at 
the same time. 

However, the electromagnets may be switched 
in various combinations of sets. For example, sets 
of electromagnets may be switched from 111 to II r, 

20 then from 1 to 1'. then from I to 3', and finally from 
3 to r. By programming the control unit 29 to 
select a suitable sequence for switching sets of 
electromagnets, it is possible to select an optimum 
combination of sets of electromagnets while ob- 

25 serving how the carriage vibrates upon switching. 

Since the electromagnets are switched from 
magnetic poles which are controlled to lift the car- 
riage to those magnetic poles which are angularly 
spaced about 90* from the magnetic poles, the 

30 carriage can move in a T-shaped or cross-shaped 
pattern. Inasmuch as the gains of the magnetic 
p)oles are controlled in a crossover relation to each 
other, any vibration which the carriage tends to 
suffer upon switching can effectively be reduced. 

35 The carriage 3 can also be easily controlled to 

move from the branched conveyor passage 23b or 
23c to the main conveyor passage 23a. 

According to this embodiment, the direction of 
the carriage 3 can be switched to a desired one of 

40 the branched conveyor passages 23b, 23c other 
than the main conveyor passage 23a, and hence 
the carriage 3 can be moved with 2 degrees of 
orthogonal freedom while being lifted in a horizon- 
tal plane. 

46 

(7th embodiment) 

Switching levitation electromagnets for sus- 
pending a carriage as it moves according to a 
50 seventh embodiment of the present invention will 
be described below with reference to Rgs. 25 
through 30. 

Fig. 25 is a cross-sectional view along a con- 
veyor passage of the above magnetic levitation 
55 conveyor apparatus. The carriage 3 is propelled by 
the linear motors 6 to move in the direction in- 
dicated by the arrow in a tunnel defined by a 
partition while it remains lifted by levitation elec- 
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tromagnets 4i , 42 At this time, the levitation 

electromagnets 43 , 45 are in an operative condition, 
and the levitation electromagnets 4i , 42, 44, 46, 47, 
48. 4^ are in an inoperative condition. As the car- 
riage 3 moves, an exciting current is supplied to 
these levitation electromagnets to switch their mag- 
netic poles from an inoperative condition to an 
operative condition, and cut off to switch their mag- 
netic poles from an operative condition to an inop- 
erative condition, for keeping the carriage lifted 
while the carriage is moving. For example, when 
the carriage 3 is moved to the left from the illus- 
trated position, the magnetic poles 42. 44 are 
switched from an inoperative condition to an oper- 
ative condition, and the magnetic poles 43, 4s are 
switched from an operative condition to an inoper- 
ative condition. 

Rg. 26 show In block form a control system of 
the magnetic levitation conveyor apparatus. The 
levitated position of the carriage and the switching 
of the magnetic poles between operative and inop- 
erative conditions are controlled by the block dia- 
gram of Fig. 26. A signal from displacement sen- 
sors 81, 85 is amplified by a sensor amplifier 

31 . and the gain of a control circuit loop is adjusted 
by a gain setting unit 32. The gain is compared 
with a preset voltage by a target levitation voltage 
setting unit 33 to achieve a given target levitation 
value. The phase is adjusted by a compensating 
circuit 34, and an output signal from the com- 
pensating circuit 34 is amplified by a power am- 
plifier 35. which supplies an exciting current to the 
magnetic poles 4i , 45 of the levitation elec- 
tromagnets. The magnetic levitation conveyor ap- 
paratus has eight control circuits (for four pairs of 
rows of electromagnets as the electromagnets are 
arrayed in two rows in each conveyor passage) 
each including the components ranging from the 
sensor amplifier 31 to the power amplifier 35. Only 
a control circuit for a pair of rows of levitation 
electromagnets 4i, 4s, .... is illustrated. The levita- 
tion electromagnets 42, 43, 44. 46, 4?, .... are con- 
trolled by non-Illustrated control circuits. In the 
closed-loop control circuit, the target levitated posi- 
tion for the carriage and the gain of the control loop 
are given by a signal from a gain/target levitation 
voltage signal generator 40. The magnetic poles 
are switched from an operative condition to an 
inoperative condition or from an inoperative con- 
dition to an operative condition by amplifying a 

signal from the displacement sensors 81, 82 

with the sensor amplifier 31, converting the am- 
plified signal into a digital signal with an A/D con- 
verter, and applying the digital signal to a control 
unit. Specifically, movement of the carriage 3 is 
detected by a signal from the displacement sen- 
sors 81, 82 and a position selection signal is 

generated for switching the magnetic poles from an 



inoperative condition to an operative condition or 
from an operative condition to an inoperative con- 
dition. A signal indicative of the gain of the control 
circuit or a target levitation voltage Is applied from 
5 the gain/target levitation voltage signal generator 40 
to the gain setting unit 32 and the target levitation 
value controller 33 for thereby controlling each of 
the magnetic poles to switch between operative 
and inoperative conditions. 

10 Fig. 27 is a diagram showing a sequence of 

switching conventional levitation magnetic poles. 
Levitation magnetic poles arranged in the direction 
of movement of the carriage are successively 
switched from an operative condition to an inoper- 

15 ative condition in that direction through the selec- 
tive signal generator 41 and the switch group 42 as 
• the carriage moves. When the levitation magnetic 
poles are thus switched, a control time in which the 
gain varies from a preset value to 0 or from 0 to a 

20 preset value with respect to each individual mag- 
netic pole is set depending on the speed at which 
the carriage moves, and the control times are in- 
dividually varied gradually to bring the magnetic 
poles from an operative condition to an inoperative 

25 condition or from an inoperative condition to an 
operative condition for thereby successively switch- 
ing the levitation magnetic poles. 

Fig. 28(A) is a diagram illustrative of switching 
of the conventional magnetic poles from an inoper- 

30 ative condition to an operative condition. In this 
example, when switches of the switch group 42 are 
closed, and the gain varies from 0 to a preset value 
Vi (from a target levitation value Vgi to a target 
levitation value Vs2) in a control time ti , the mag- 

35 netic poles are switched from an inoperative con- 
dition to an operative condition. Fig. 28(B) is a 
diagram illustrative of switching of the conventional 
magnetic poles from an operative condition to an 
Inoperative condition. In this example, when switch- 

40 es of the switch group 42 are opened, and the gain 
varies from a preset value V2 to 0 (from the target 
levitation value Vs2 to the target levitation value Vsi) 
In a control time t^, the magnetic poles are 
switched from an operative condition to an inoper- 

46 ative condition. Heretofore, as described above, the 
magnetic poles arranged in the conveying direction 
are individually switched from an inoperative con- 
dition to an operative condition or from an oper- 
ative condition to an inoperative condition as the 

50 carriage moves. 

The magnetic levitation conveyor apparatus re- 
quires that the carriage move smoothly in the con- 
veyor passage and be started and stopped as 
smoothly as possible. One problem which is im- 

55 posed more severely at this time is that the car- 
riage Itself tends to vibrate upon switching of the 
levitation magnetic poles. According to the present 
invention, there Is disclosed a process of switching 
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levitation electromagnets for moving the carriage 
smoothly while solving the problem of vibration of 
the carriage in switching the levitation electromag- 
nets from an operative condition to an inoperative 
condition or from an inoperative condition to an 
operative condition. 

In this embodiment, when levitating elec- 
tromagnets arrayed in the direction in which the 
carriage moves are successively switched from an 
operative condition to an inoperative condition or 
from an inoperative condition to an operative con- 
dition as the carriage moves, switching of at least 
one set of magnetic poles arranged in that direction 
is gradually carried out simultaneously from an 
operative condition to an inoperative condition and 
from an inoperative condition to an operative con- 
dition. 

Fig. 29 shows the manner in which switching of 
one set of adjacent magnetic poles arranged In the 
direction In which the carriage moves Is gradually 
carried out simultaneously from an operative con- 
dition to an inoperative condition and from an inop- 
erative condition to an operative condition at the 
time the levitation electromagnets are successively 
switched from an operative condition to an inoper- 
ative condition or from an inoperative condition to 
an operative condition. In Fig. 26, when the car- 
riage 3 moves to the left, the displacement sensor 
82 associated with the magnetic pole 42 detects 
arrival of the carriage 3. As shown in Fig. 29, the 
magnetic pole 43 and the magnetic pole 42 which 
is positioned adjacent thereto in the conveying 
direction are gradually switched simultaneously 
from an operative condition to an Inoperative con- 
dition and from an Inoperative condition to an oper- 
ative condition, respectively. The switching opera- 
tion gradually progresses in the control time to. 
While the switching operation shown in Rg. 29 is 
linear, it may be effected along curves as shown in 
Rg. 30(A) or 30(B). 

The process of controlling the switching of the 
levitation electromagnets is carried out in the con- 
trol system shown in Fig. 26 by gradually increas- 
ing the total gain of the control circuit from 0 to a 
preset value V2 for the magnetic pole 42 and 
gradually reducing the total gain from a present 
value Vi to 0 for the magnetic pole 43 with the gain 
setting unit 32. The target levitation value controller 
33 may increase an offset voltage, which is a 
parameter of a target levitation voltage, from a 
value Vbi to a preset value Vsa for the magnetic 
pole 42. and reduce the offset voltage from a 
present value Vs3 to a value Vs4 for the magnetic 
pole 43 simultaneously gradually in the control time 
to- Alternatively, the gain of the control circuit may 
be varied by the gain setting unit 32, and then the 
offset voltage which is a target levitation value of 
the target levitation value controller 33 may be 



varied. 

In the above description, one set of magnetic 
poles arranged in the conveying direction, i.e.. the 
magnetic poles 42, 43 are simultaneously switched 

5 from an Inoperative condition to an operative con- 
dition and from an operative condition to an inoper- 
ative condition, respectively. Such simultaneous 
magnetic pole switching operation can be carried 
out with respect to a plurality of sets of magnetic 

10 poles for improved stability of movement of the 
carriage. 

For example, it is possible to simultaneously 
switching the set of magnetic poles 44, 45 other 
than the set of magnetic poles 42, 43. Specifically, 

75 the displacement sensor 82 detects arrival of the 
carriage 3 as it moves thereto, and opens and 
closes switches through the selective signal gener- 
ator 41 and the switch group 42 to switch the 
magnetic poles 42 , 4* from an inoperative condition 

20 to an operative condition and the magnetic poles 
43, 4s from an operative condition to an inoperative 
condition simultaneously gradually in the control 
time to. The stability of movement of the carriage 
can be increased by thus simultaneously gradually 

25 switching the two sets of magnetic poles 42 , 43 . 44 . 
4s which are arranged in the conveying direction. 

In Fig. 25, the carriage 3 is lifted by three 
magnetic poles arranged in the conveying direc- 
tion. If the carriage 3 is lifted by more magnetic 

30 poles, e.g.. four or five magnetic poles, then three 
sets of magnetic poles can be switched simulta- 
neously. Therefore, magnetic poles can simulta- 
neously be switched from an operative condition to 
an inoperative condition and from an Inoperative 

36 condition to an operative condition in various com- 
binations. It is possible in such a case to select a 
suitable combination of magnetic poles for simulta- 
neous switching, and to reduce, with a selected 
combination, more effectively any vibration of the 

40 carriage which Is produced upon switching of levi- 
tation magnetic poles as the carriage moves. 

In this embodiment, as described above, the 
levitation magnetic poles for lifting and moving the 
carriage of the magnetic levitation conveyor ap- 

45 paratus are simultaneously switched gradually be- 
tween operative and inoperative conditions. Con- 
sequently, the carriage is prevented from vibrating 
upon switching of levitation magnetic poles as the 
carriage moves, and the levitation magnetic poles 

60 can smoothly be switched at the time the carriage 
is moved, stopped, or started, for thereby moving 
the carriage smoothly. 



56 



(8th embodiment) 

Control of the lifting/landing of a carriage ac- 
cording to an eighth embodiment of the present 
invention will be described below with reference to 
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Figs. 31 through 33. 

In the above magnetic levitation conveyor ap- 
paratus, only the power supply of a control device 
is turned on and off to lift the carriage off and land 
the carriage on a lower partition surface of the 
tunnel. Therefore, the carriage tends to be lifted or 
landed abruptly. Stated otherwise, when the car- 
riage is lifted or landed, a workpiece carried by the 
carriage is subjected to a shock, and liable to 
suffer damage. Inasmuch as the magnetic levitation 
conveyor apparatus is designed for use in convey- 
ing various a workpiece such as a wafer, which is 
highly susceptible to cracks, In semiconductor fab- 
rication factories, any damage to the workpiece 
poses a very serious problem. Abrupt lifting or 
landing is also responsible for producing dirt and 
dust particles, which are apt to lower the yield of 
semiconductors. When a workpiece such as a wa- 
fer is conveyed, it is preferable for the vertical 
height of the workpiece to be variable so that the 
workpiece can be received and transferred easily. 
In the magnetic levitation conveyor apparatus, it is 
desirable for the carriage to be lifted a distance 
that can freely be adjusted. If any workpiece is 
placed on the carriage, the carriage should prefer- 
ably be lifted from a landed condition within a short 
period of time, so that the time required to convey 
a workpiece can be shortened. 

The present embodiment is designed to solve 
the above problems, and discloses a magnetic 
levitation conveyor apparatus which can lessen 
shocks produced when a carriage is lifted and 
landed, and can freely adjust the distance that the 
carriage can be lifted and the time required to lift 
and land the carriage. 

Fig. 31 shows a basic arrangement of a control 
system. Basic operation of the control system for 
controlling magnetic attractive forces produced by 
levitation electromagnets 4 to lift a carriage 3 up to 
a target position is the same as with the sixth and 
seventh embodiments described above, and will 
not be described below. 

An output signal Vs from displacement sensors 
8 is compared with an offset voltage Vf which is a 
target levitation value by an adder 43, and the 
difference is applied to a gain setting unit 32 for 
determining an amplification factor Kp of a control 
system of a control circuit composed of compo- 
nents ranging from the displacement sensors 8 to a 
power amplifier 35. Specifically, an output signal 
from the gain setting unit 32 is led to a phase 
compensator 34 and then to the power amplifier 35 
for increasing or reducing an exciting current to be 
supplied to coils wound around levitation elec- 
tromagnets 4. The electromagnets 4 apply mag- 
netic attractive forces generated by the exciting 
current flowing through the coils to the carriage 3, 
which is then lifted under the magnetic attractive 



forces. The carriage can be supported with greater 
magnetic bearing rigidity by setting a high am- 
plification factor in a stable range with the gain 
setting unit 32. 

6 In an offset voltage supply means 33, a com- 

mand is given from a program 40 to a digital 
processing means (CPU) 38 to generate an offset 
voltage Vof. The digital processing means 38 has a 
function as a generating mechanism for determin- 

10 ing an offset voltage. 

Any of various programs indicated at 40 can 
freely be incorporated in the digital processing 
means 38, and the program 40 can freely be 
changed. The program 40 is generated such that 

15 the offset voltage applied from the offset voltage 
supply means to the adder 43 will have desired 
various characteristics (e.g., time characteristics). 
Since a process of generating such a program is a 
known software generation process, it will not be 

20 described below. 

When the carriage is to be lifted, the offset 
voltage Vof and time "t" should preferably be re- 
lated to each other (time characteristics) as shown 
in Rg. 33. Upon elapse of a time to in Fig. 33, the 

25 offset voltage Vof becomes 0 V, and the carriage 3 
is stably lifted in a reference levitated position 
which is fixed by the control circuit (compensating 
circuit) 28. 

By generating a program which achieves such 
30 time characteristics of the offset voltage Vof and 
incorporating the program in the digital processing 
means 38, the non-illustrated offset voltage gen- 
erating mechanism is operated to apply the offset 
voltage Vof of time characteristics shown in Fig. 33 
35 to the adder 43. 

When the carriage Is to be landed, the offset 
voltage Vof should preferably have time characteris- 
tics as shown in Fig. 32. By carrying out the same 
processing as described above, the offset voltage 
40 Vof of time characteristics shown in Rg. 32 is 
applied to the adder 43. 

It is also possible to have the horizontal axis 
(time base) of Figs. 32 and 33 represent the entire 
time required to fabricate a semiconductor, vary 
45 the offset voltage Vof in a manner to correspond to 
a desired change in the lifted distance at the time 
the carriage arrives at each processing station, 
generate time characteristics over the overall fab- 
rication process, and program such time character- 
so istics. With such an arrangement, no shocks are 
produced when the carriage is lifted and landed, 
and a workpiece can smoothly be received and 
transferred at each processing station. 

The levitated position of the carriage 3 is con- 
56 trolled such that vertical magnetic attractive forces 
applied to the carriage 3 by the electromagnets 4 
and the gravity on the carriage 3 are equalized to 
each other. Specifically, since an input signal sup- 

16 
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plied to the phase compensator 34 determines an 
exciting current to be supplied to the electromag- 
nets 4, If the ratio of a change in the levitated 
po'sitlon of the carriage 3 to the distance between 
the carriage 3 and the magnetic pole surfaces of 
the electromagnets 4 is relatively small, then a 
change in leakage fluxes of a magnetic circuit 
composed of the electromagnets 4 and the car- 
riage 3 is small, and if the weight of the carriage 3 
remains unchanged, the input signal supplied to 
the phase compensator 34 as a result of the con- 
trolling operation remains generally unchanged. 

The input signal (represented by Vp) supplied 
to the phase compensator 34 is determined by an 
output signal (represented by Vs) from the dis- 
placement sensors 8, an output signal 1 (offset 
voltage represented by Vf) supplied to the adder 43 
from a digital-to-analog converter 44 of the control 
unit 29, which is an offset voltage/gain setting out- 
put supply means, and an amplification factor (re- 
presented by Kp) set by the gain setting unit 32 
from an output signal 2 from a digital signal output 
means 45 of the control unit 29. The input signal 
Vp is expressed according to the following equa- 
tion: 

Vp = Kpx (V3-VO (1). 

The D/A converter 44 and the digital signal 
output means 45 perform their functions in re- 
sponse to a command from the digital processing 
means (CPU) 38. The processing sequence carried 
out by the digital processing means 38 can freely 
be set up and modified according to the program 
40. Consequently, the input voltage Vp applied to 
the phase compensator 34 can freely be set ac- 
cording to the program 40. 

As described at>ove. when the ratio of a 
change In the levitated position of the carriage 3 to 
the distance between the carriage 3 and the mag- 
netic pole surfaces of the electromagnets 4 Is 
relatively small, the input voltage Vp applied to the 
phase compensator 34 is maintained at a constant 
level. Therefore, in order to vary the levitated posi- 
tion of the carriage 3 (vary the sensor output volt- 
age Vs) at the time the amplification factor Kp is 
constant, the offset voltage Vf may be varied under 
the condition defined by the equation (1 ). When the 
offset voltage V| is constant, the amplification factor 
Kp of the gain setting unit 32 may be varied in the 
same fashion. 

If the levitated position of the canriage 3 under- 
goes a large change, then leakage fluxes from the 
magnetic circuit composed of the electromagnets 4 
and the carriage 3 varies greatly, and the number 
of effective magnetic fluxes for applying magnetic 
attractive forces to the carriage 3 is increased or 
reduced to a large extent. Therefore, the ratio be- 



tween the exciting current supplied to the elec- 
tromagnets 4 and the magnetic attractive forces 
acting on the carriage 3 varies largely. 

If the distance between the carriage 3 and the 

5 magnetic pole surfaces of the electromagnets 4 
increases greatly, then since more leakage fluxes 
are produced, it is necessary to increase the excit- 
ing current supplied to the electromagnets 4 for 
bearing the carriage 3. This results in a large 

10 reduction in the loop gain of the magnetic levitation 
control system which is composed of the elec- 
tromagnets 4, the carriage 3, the displacement 
sensors 8, and the control circuit 28. thereby im- 
pairing stable levitation of the carriage 3. 

15 When this happens, the carriage 3 cannot re- 

main stably lifted only by adjusting the offset volt- 
age Vf. However, when the amplification factor Kp 
of the gain setting unit 32 is increased, the reduc- 
tion in the loop gain of the magnetic levitation 

20 control system can be compensated for, thereby 
keeping stable levitation of the carriage 3. If the 
distance between the carriage 3 and the elec- 
tromagnets 4 Is reduced, then it can be com- 
pensated for by carrying out the above process 

25 inversely. 

With the above arrangement of this embodi- 
ment, the levitated position of the carriage 3 can be 
set to any desired position by varying the am- 
plification factor Kp of the gain setting unit 32 and 

30 the offset voltage V|. 

Accordingly, in addition to the fact that shocks 
produced when the carriage is lifted and landed 
can be lessened, the distance that the carriage is 
lifted and the time required for the carriage to be 

35 lifted and landed can be adjusted. In the case 
where the magnetic levitation conveyor apparatus 
is Incorporated in a semiconductor fabrication line, 
a workpiece such as a wafer are prevented from 
being damaged, and dirt and dust particles are 

40 prevented from being produced, resulting in an 
increased yield of semiconductors. At the same 
time, a workpiece can smoothly be received and 
transferred between lower stations and the carriage 
for Increased conveying efficiency. 

45 

(9th embodiment) 

A passive damper disposed in a conveyor pas- 
sage according to a ninth embodiment will be 

60 described below with reference to Fig. 34. The 
passive damper according to this embodiment 
serves to absorb and dampen vibrations of a car- 
riage when the carriage vibrates in a direction 
perpendicular to a conveyor passage when the 

55 carriage is moving in a tunnel while magnetically 
levitated. 

The carriage suspended by levitation elec- 
tromagnets is supported in a guiding direction by 



17 



m 



31 EPO 



so-called guiding rigidity which is provided by 
spring forces produced by the electromagnets as 
described in detail with respect to the third em- 
bodiment. Therefore, if some external forces are 
applied to the carriage and the carriage is vibrated 
in a Y direction, then the vibrations of the carriage 
are not stopped as no dampening forces are im- 
posed. Particularly when the moving carriage is to 
be stopped by an electromagnetic brake In the 
vicinity of a point where the carriage Is to be 
stopped, the carriage suffers large vibrations and 
impinges upon a partition, producing metallic pow- 
der, or a waiting time has to be consumed before a 
workpiece is loaded into the carriage because a 
long period of time is needed to stop the vibrations 
of the carriage. The passive damper according to 
this embodiment is capable of quickly absorbing 
vibrations in a direction (guiding direction) per- 
pendicular to the direction in which the magnetical- 
ly levitated carriage is conveyed. 

In a conveyor apparatus shown in Fig. 34, a 
carriage 3 disposed in a tunnel (not shown) defined 
by a partition is suspended by magnetic attractive 
forces generated by electromagnets 4 disposed in 
a conveyor passage 23, and moved in a conveying 
direction along the conveyor passage. In Fig. 34, 

Y-, and Z-axes represent three-dimensional co- 
ordinate axes extending perpendiculariy to each 
other. An X direction indicates the conveying direc- 
tion, a Y direction indicates lateral directions per- 
pendicular to the X direction, and a Z direction 
indicates the direction of magnetic attractive forces 
perpendicular to the X and Y directions, i.e., the 
direction normal to magnetic pole surfaces 4n of 
the electromagnets 4. 

The conveyor apparatus has a passive damper 
comprising a support device 51 which supports the 
electromagnets 4 while holding them in a certain 
position with respect to the direction Z of attractive 
forces and the conveying direction X, and supports 
the electromagnets 4 movably with respect to the 
lateral directions Y perpendicular to the conveying 
direction X. The electromagnets 4, as a primary 
side, are arrayed at given intervals in the convey- 
ing direction X, and serve as magnetic bearings 
and are also called levitation magnetic poles. A 
magnetic member target (magnetic member) 20, as 
a secondary side, is mounted on the peripheral 
edge of an upper surface of the carriage 3, the 
magnetic member 20 being composed of a yoke 
which serves as a target to be levitated. The mag- 
netic member 20 is positioned below the elec- 
tromagnets 4 with a non-illustrated tunnel partition 
interposed therebetween so that the carriage 3 can 
be lifted out of contact with the tunnel under mag- 
netic attractive forces produced by the electromag- 
nets 4 which are energized. The electromagnets 4 
as the primary side and the magnetic member 20 
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as the secondary side jointly constitute a magnetic 
bearing device composed of an array of magnetic 
bearings extending In the conveying direction X. 
The support device 50 of the passive damper 
5 will be described below. A linear rail 52 extending 
in the lateral directions (Y direction) is disposed on 
a fixed wall 27 of a main frame at a stop position or 
the like in the conveyor passage. A linear bearing 

53 is mounted on the upper end of each of the 
10 levitation electromagnets 4 for sliding movement to 

any desired position only in the Y direction along 
the linear rail 52. The linear rail 52 and the linear 
bearing 53 jointly serve as a linear guide support 
device 51 having a degree of freedom in the Y 

15 direction. Each of the levitation electromagnets 4 is 
movable with the linear bearing 53 only in the Y 
direction, and has no play and is not movable 
about the X and Z directions and not rotatable 
around the X-. Y-, and Z-axes. Therefore, each 

20 levitation electromagnet 4 has no degree of motion 
freedom about the X and Z directions and around 
the X-, Y-, and Z-axes, and has a degree of transla- 
tion freedom that can be set as desired in the Y 
direction. 

25 The support device 51 holds the levitation elec- 

tromagnet 4 in a certain position in the Y direction 
with fixed walls 27a of the main frame that are 
disposed in confronting relation to the conveyor 
passage, and a pair of springs 54 and a pair of 

30 dashpots 55. as a dampening force applying 
means, which are disposed between the fixed walls 
27a and the electromagnet 4 that Is positioned 
between the fixed walls 27a. A lubricant applied 
between the linear rail 52 and the linear bearing 53 

35 also serves as the dampening force applying 
means because the viscosity of the lubricant and 
the frictional resistance of sliding portions of the 
linear rail 52 and the linear bearing 53 produce 
dampening forces. When the electromagnet 4 

40 vibrates in the Y direction through the linear guide 
unit, the lubricant can dampen vibrations of the 
electromagnet 4 in the Y direction. However, the 
lubricant alone is not effective enough to produce 
sufficient dampening forces. In this embodiment, 

45 desired appropriate dampening forces can be pro- 
duced by spring forces from the springs 54 and a 
dampening action of the dashpots 55 which have a 
high dampening efficiency, thereby achieving a real 
passive stable axis (Y-axis). Specifically, while the 

so electromagnet 4 is limited in its degree of transla- 
tion freedom in the Y-axis direction by the springs 

54 and the dashpots 55, the Y-axis can be made a 
good passive stable axis by suitably adjusting the 
springs 54 and the dashpots 55 which are restrict- 

55 ing elements. 

With the passive damper being disposed in the 
vicinity of a stop point in the conveyor passage, 
vibrations of the carriage which are produced in the 
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vicinity of the stop point can quickly be absorbed 
and dannpened. 

(ibth embodiment) 

A vibration dampening mechanism (damper) 
using magnets in a tunnel according to a tenth 
embodiment of the present invention will be de- 
scribed below with reference to Figs. 35 and 36. 

Fig. 35 is a sectional front elevational view of a 
magnetic levitation conveyor apparatus according 
to this embodiment, and Fig. 36 is a plan view of 
the magnetic levitation conveyor apparatus. A basic 
structure of the magnetic levitation conveyor ap- 
paratus has been described in detail with respect 
to the third embodiment. Like or corresponding 
parts are denoted by like or corresponding refer- 
ence numerals, and will not be described in detail 
below. 

A pair of permanent magnets 56 as first mag- 
nets is attached respectively to opposite sides of 
an outer shell 19 of the carriage 3 in the Y direc- 
tion. The first permanent magnets 56 are fixedly 
mounted in respective recesses 57 defined in the 
sides of the carriage. The carriage 3 has a rectan- 
gular opening 0 for taking a wafer 22 into and out 
of the carriage 3. 

Permanent magnets 58 as second magnets are 
attached respectively to opposite side walls 15 of 
the partition 2 for producing magnetic forces be- 
tween themselves and the first permanent magnets 
56 and applying dampening forces against vibra- 
tions of the carriage 3. The opposite side walls 15 
have bottomed grooves 59 defined therein which 
open outwardly (toward the atmospheric side) and 
are aligned with the first permanent magnets 56. 
The second permanent magnets 58 are fitted re- 
spectively In the grooves 59 for back-and-forth 
movement in the Y direction. The grooves 59 have 
respective openings covered with lids 60 and fully 
closed by seals. The lids 60 are removably moun- 
ted on the side walls 15. 

Springs 61 for producing spring forces in the Y 
direction are interposed between the lids 60 and 
the second permanent magnets 58 for normally 
biasing the second permanent magnets 58 toward 
inner surfaces of the side walls 15. Inner spaces of 
the grooves 59 in which the springs 61 are dis- 
posed are filled with oil 62 as a means for produc- 
ing a dampening action. Such an arrangement in- 
cluding the second permanent magnets 58 serves 
to apply dampening forces against vibrations of the 
carriage 3. For producing a dampening action, re- 
silient members such as of rubber may be em- 
ployed in place of the oil 62. In such a modifica- 
tion, the springs 61 are interposed through the 
resilient members between the lids 60 and the 
second permanent magnets 58. 



In this embodiment, the first and second per- 
manent magnets 56, 58 have such magnetic poles 
which are repelled from each other. 

In the magnetic levitation conveyor apparatus 

6 of the above arrangement, the carriage 3 is lifted in 
the tunnel 1 surrounded by the partition 2 by the 
electromagnets 4, and propelled and moved for- 
ward by the linear motors 6. At a stop position S, 
the carriage 3 is stopped by the electromagnetic 

10 brake 18, and a wafer 22 is taken into and out of 
the carriage 3 through the opening O using a robot 
arm or the like (not shown). 

While the carriage 3 is moving in the tunnel 1 , 
the carriage 3 is positioned in the Y direction by 

15 being pulled at all times toward the central position 
In the Y direction because the magnetic member 
20 and the magnetic pole surfaces of the elec- 
tromagnets 4 have equal widths. When the carriage 
3 is in the central position in the Y direction, 

20 repulsive forces acting between the first permanent 
magnets 56 on the carriage 3 and the second 
permanent magnets 58 on the partition 2 balance 
each other, allowing the carriage 3 to move while 
kept in the central position. If the carriage 3 is 

25 displaced off the central position due to centrifugal 
forces acting thereon or vibrations produced there- 
on, then the carriage 3 is always pushed back to 
the central position in the Y direction by repulsive 
forces acting between the permanent magnets 56, 

30 58. Therefore, the carriage 3 is prevented from 
contacting the inner surfaces of the partition 2. 
Since the second permanent magnets 58 on which 
magnetic forces from the first permanent magnets 
56 act are attached to the tunnel partition through 

35 the springs and the dampening means, when the 
carriage 3 vibrates, the repulsive forces are varied 
and a resultant motion is transmitted to the perma- 
nent magnets 58. As the motion Is dampened, the 
vibrational energy is absorbed, and the vibrations 

40 of the carriage 3 are dampened. Accordingly, even 
when the carriage 3 starts being vibrated, its vibra- 
tions are quickly dampened. 

The first and second permanent magnets 56, 
58 may comprise electromagnets rather than per- 

45 manent magnets. 

(11th embodiment) 

A conveyor mechanism with a vertical tunnel 
50 according to an eleventh embodiment will be de- 
scribed below with reference to Figs. 37 and 38. 

In Fig. 37, a first conveyor passage la in which 
a carriage 3 moves is separated In space by a 
partition 2 which defines therein a highly purified 
55 space such as of a high vacuum or the like that 
serves as a tunnel. 

The carriage 3 is lifted out of contact with the 
partition 2 under magnetic attractive forces gen- 
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erate'd by levitation electromagnets 4 disposed out- 
side of the partition 2. The levitation electromag- 
nets 4 magnetically attract and lift the carriage 3 
which has a magnetic member. Linear motors 6 
which comprise electromagnets generate an eddy 5 
current in an electrically conductive member moun- 
ted on a lower surface of the carriage 3 to propel 
the carriage 3 horizontally for thereby move the 
carriage 3 horizontally out of contact with the parti- 
tion 2. 10 

A second conveyor passage lb differs in 
height from the first conveyor passage 1a, but is 
structurally similar thereto in that the carriage 3 in 
the tunnel Is lifted by electromagnets 4 and moved 
horizontally by linear motors 6. The magnetic levi- 75 
tation conveyor apparatus includes a conveyor pas- 
sage 65 as a vertical tunnel which, connects the 
first conveyor passage la and the second con- 
veyor passage 1 b that have different heights. 

The vertical conveyor passage 65 comprises a 20 
table 66 having a levitation mechanism and a linear 
motor for magnetically levitating the carriage 3 out 
of contact with the tunnel, and an elevator mecha- 
nism 67 for vertically moving the table 66. The 
elevator mechanism 67 vertically moves a shaft 69 25 
with respect to a fixed side 68 while keeping a 
vacuum condition in the vertical conveyor passage 

65 which is separated in space by a partition. 

The carriage 3 which has been lifted in the first 
conveyor passage la by the levitation electromag- 30 
nets 4 and moved therein by the linear motors 6 
enters the vertical conveyor passage 65. The linear 
motor of the table 66 produces braking forces to 
stop the carriage 3 on the table 66 of the vertical 
conveyor passage 65. The carriage 3 is supported 35 
by the table 6 out of contact with the table 66 by 
levitation electromagnets. The table 66 is then 
lowered by the elevator mechanism 67. \A^en the 
table 66 reaches a position horizontally aligned with 
the second conveyor passage 1b, a sensor 8 de- 4o 
tects the position of the carriage, and stops the 
movement of the elevator mechanism 67. At this 
time, the carriage 3 is at the same height as the 
second conveyor passage lb. In this manner, the 
carriage 3 can move between conveyor passages 45 
of different heights, e.g., from the first conveyor 
passage 1 a to the second conveyor passage 1 b or 
from the second conveyor passage lb to the first 
conveyor passage 1a. while being held out of con- 
tact with the tunnel partition. The vertical conveyor so 
passage 65 also defines a highly purified space 
such as of a high vacuum separated in space by 
the partition 2 which is of the same material as that 
of the conveyor passages la, lb. 

Fig. 38 shows a detailed structure of the table 55 

66 and the carriage 3. The table 66 has levitation 
electromagnets 4 and a propulsion electromagnet 
18. The carriage 3 serves to support and convey a 
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semiconductor wafer 22, for example. To an upper 
surface of the carriage 3, there are fixed a mag- 
netic member 20, which is a target of the levitation 
electromagnets 4, is fixed to an upper surface of 
the carriage 3, and a magnetic member 70, which 
is a target of the propulsion electromagnet 18. 

When an electric current flows through excita- 
tion coils of the levitation electromagnets 4, the 
levitation electromagnets 4 generate magnetic at- 
tractive forces to attract the magnetic member 20 
to lift the carriage 3 out of contact with the partition. 
The propulsion electromagnet 18 produces hori- 
zontal magnetic attractive forces to brake and stop 
horizontally the carriage 3 which has entered di- 
rectly below the table 66. To move the carriage 3 
into another conveyor passage, the propulsion 
electromagnet 18 can generate horizontal propul- 
sive forces to propel the carriage 3 into the other 
conveyor passage. Sensors 8 disposed between 
magnetic poles of each of the levitation elec- 
tromagnets 4 serve to detect the levitated position 
of the carriage 3. Based on the detected positional 
data of the carriage 3. the electric current flowing 
through the coils of the levitation electromagnets 4 
is controlled to keep the carriage 3 in a suitable 
levitated position. 

These electromagnets 4, 18 and sensors 8 are 
covered with a can 71, so that the high-vacuum 
space in the partition 2 will be prevented from 
being contaminated by any contaminants produced 
from these electromagnets and sensors. 

In the above description, the workpiece to be 
conveyed Is a semiconductor wafer. However, the 
present embodiment is also applicable to a wide 
variety of apparatus for conveying a workpiece in a 
tunnel while keeping the workpiece lifted out of 
contact with the tunnel, such as for conveying a 
liquid crystal substrate in the production of liquid 
crystal displays or the like. The highly purified 
environment is not limited to a vacuum condition, 
but may be a highly pure inert gas atmosphere or 
the like. 

As described above, the conveyor apparatus 
according to this embodiment has a plurality of 
conveyor passages as tunnels which have different 
vertical heights and a vertical conveyor passage as 
a tunnel which interconnects the above conveyor 
passages. Therefore, the conveyor apparatus can 
move a workpiece between the conveyor passages 
which have different vertical heights while keeping 
the workpiece lifted out of contact with the parti- 
tions. Since the carriage can be moved vertically in 
the tunnel surrounded by the partition, the mag- 
netic levitation conveyor apparatus can find an In- 
creased range of applications. 
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(12th embodiment) 

A joint chamber for loading a conveyed work- 
piece into a processing device according to a 
twelfth embodiment of the present invention will be 
described below with reference to Figs. 39 through 
41. 

Fig. 41 shows a conventional arrangement for 
loading a conveyed workpiece into a processing 
device. A tunnel 1 is a conveyor passage of a 
magnetic levitation conveyor apparatus in which a 
carriage 3 supporting a workpiece such as a semi- 
conductor wafer, a liquid crystal substrate, or the 
like moves while lifted out of contact with a parti- 
tion of a closed space. The tunnel 1 defines therein 
a highly purified space which may be of a vacuum 
or filled with a highly pure N2 gas or the like. 
Although not shown, there are disposed, outside of 
the partition of the tunnel 1 , electromagnets having 
magnetic poles for magnetically levitating the car- 
riage in the closed space, displacement sensors for 
measuring the gap between the partition surface of 
the closed space and the carriage, control circuits 
for controlling exciting currents supplied to the 
electromagnets based on signals from the sensors, 
accelerating/decelerating linear motors for moving 
the carriage, and a stop device for stopping the 
moving carriage. 

In order that a conveyed workpiece such as a 
semiconductor wafer from the tunnel 1 can be 
loaded into processing chambers 74 for processing 
the workpiece by way of evaporation, photolithog- 
raphy, or the like, a chamber 72 is provided which 
serves as a buffer for keeping the workpiece clean 
between the tunnel 1 and the processing chamber 
74. 

If a substrate 22 such as a wafer is transferred 
between the carriage 3 and one of the processing 
chambers 74 with a robot 73 in an antechamt>er 
77, then the robot 73 is required to have a long 
reach, and hence its robot hand suffers a rigidity 
problem. To avoid the above drawback, another 
handling robot 75 is disposed in the chamber 72 
for transferring the substrate 22 from the carriage 3 
in the closed space onto a support base 76, and 
the robot 73 in the antechamber 77 draws the 
substrate 22 from the support base 76 and trans- 
fers the substrate 22 into one of the processing 
chambers 74. 

As described above, if the robot 73 in the 
antechamber 77 directly transfers the wafer from 
the carriage 3 in the closed space into one of the 
processing chambers 74, then the robot hand of 
the robot 73 is required to have a long reach, and 
hence suffers a rigidity problem. The handling ro- 
bot 75 additionally disposed in the chamber 72 for 
transferring the substrate 22 into one of the pro- 
cessing chambers 74 through a two-step process is 



expensive and requires complex controls. Since the 
substrate 22 is transferred twice by the robot 75 in 
the chamber 72 and the robot 73 in the antecham- 
ber 77, the substrate 22 tends to be contaminated 

5 with more particles as the number of times that the 
substrate 22 is handled by the robots is increased. 

Fig, 39 illustrates an embodiment in which a 
joint chamber is employed. 

A joint chamber 78 connected to a tunnel 1 is 

10 disposed between the tunnel 1 and an antecham- 
ber 77, and Is associated with a partition valve 79 
on a tunnel 1 side and a partition valve 80 on an 
antechamber 77 side. The joint chamber 78 has a 
vacuum pump or a source of a highly pure inert 

15 gas. Therefore, a highly purified space of the same 
atmosphere as the tunnel 1 and processing cham- 
. bers 74 can be created in the joint chamber 78. 
Outside of the joint chamber 78, there are disposed 
electromagnets having magnetic poles for mag- 

20 netically levitating the carriage in the closed space, 
displacement sensors for measuring the gap be- 
tween the partition surface of the joint chamber and 
the carriage, control circuits for controlling exciting 
currents supplied to the levitation electromagnets 

25 based on signals from the sensors, electromagnets 
serving as accelerating/decelerating linear motors 
for moving the carriage, and an electromagnet 
serving as a stop device for stopping the carriage. 
The joint chamber 78 operates as follows: With 

30 the valves 79, 80 closed, the joint chamber 78 is 
evacuated by the vacuum pump. When the degree 
of vacuum in the joint chamber 78 becomes equal 
to that In the tunnel 1, the valve 79 is opened to 
produce the same atmosphere in the Joint chamber 

35 78 as in the tunnel 1. The carriage 3 which sup- 
ports a substrate 22 moves in the tunnel 1, and is 
stopped In front of the joint chamber 78 by the 
stop device. When the carriage 3 is accelerated 
toward the joint chamber 78 by the linear motors, 

40 the carriage 3 enters the joint chamber 78 while 
being magnetically levitated. The carriage 3 is then 
stopped in the joint chamber 78 by the stop device 
in the joint chamber 78. 

Then, the valve 79 is closed and the valve 80 

45 is opened to equalize the atmosphere in the joint 
chamber 78 to the atmosphere in the antechamber 
77. A valve 81 in one of the processing chambers 
74 is opened, and the substrate 22 is pulled from 
the carriage 3 by a robot 73 in the antechamber 77 

50 and transferred into the processing chamber 74. 
Conversely, a substrate 22 can similarly be taken 
from the processing chamber 74 by the robot 73, 
and transferred to the carriage 3. 

Fig. 40 shows a joint chamber according to 

55 another arrangement. In this arrangement, ante- 
chambers 77 are connected to a tunnel 1 in three 
directions. As shown in Fig. 40, the tunnel 1 has an 
end 82 connected to the antechambers 77 in three 
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directions through respective three joint chamber 
78. Each of the joint chambers 78 has levitation 
electromagnets and linear motors for magnetically 
levitating and moving a carriage 3. In each of the 
joint chambers 78, the carriage 3 can be moved s 
and stopped while being held out of contact with 
the wall thereof. The carriage 3 which has been 
moved through the tunnel 1 that serves as a con- 
veyor passage is stopped at the end 82, and 
moved into one of the joint chambers 78 directly io 
connected to the closed space in the tunnel 1 while 
being held out of contact with the wall thereof. In 
the joint chamber 78. a workpiece 22 such as a 
wafer can be transferred between the carriage 3 
and a corresponding processing chamber 74 by a is 
robot 73 in the antechamber 77. The workpiece 22 
can also be transferred between the processing 
chambers 74 through the three joint chambers 78 
via a route composed of one of the joint chambers 
78, the end 82, and another of the joint chambers 20 
78, rather than via the tunnel 1 . 

As described above, the conveyor apparatus 
according to this embodiment has the joint cham- 
ber for loading a workpiece directly Into the pro- 
cessing device, and the joint chamber has the 25 
means for levitating the carriage and moving and 
stopping the carriage while held out of contact with 
the partition. Accordingly, the wafer can be trans- 
ferred to and from the processing chamber with a 
single rot>ot in the antechamber. The substrate can 30 
thus be loaded directly into the processing device 
while being kept in the same purified atmosphere 
as in the tunnel, without requiring an increased 
number of handling robots and suffering the prob- 
lem of particle contamination. 35 

Industrial applicability 

As described above, the magnetic levitation 
conveyor apparatus according to the present Inven- 40 
tion can move a carriage in a tunnel defined by a 
partition while stably levitating the carriage out of 
contact with the partition. Therefore, the magnetic 
levitation conveyor apparatus can convey a work- 
piece on the carriage in a highly purified space 45 
such as of a vacuum or a nitrogen gas atmosphere 
through a conveyor passage including an ortho- 
gonal branch, without being contaminated by dirt 
and dust particles which would otherwise be pro- 
duced by contact with the partition. The magnetic so 
levitation conveyor apparatus is suitable for use in 
semiconductor or liquid crystal substrate fabrication 
factories which require workpieces to be conveyed 
In magnetic levitation conveyor apparatus In a high- 
ly purified space and have a number of various 55 
processing devices. 
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Claims 

1. A magnetic levitation conveyor apparatus hav- 
ing a tunnel defined by a partition, a carriage 
disposed in said tunnel, a plurality of levitation 
electromagnets for lifting the carriage out of 
the partition, linear motors for moving the car- 
riage, and displacement sensors for detecting 
a vertical distance up to said carriage, char- 
acterized in that said levitation electromagnets, 
said linear motors, and said displacement sen- 
sors are disposed outside of said partition, and 
housed in respective thin-wall casings extend- 
ing through said partition and partly exposed in 
said tunnel. 

2. A magnetic levitation conveyor apparatus hav- 
ing a tunnel defined by a partition, a carriage 
disposed In said tunnel, a plurality of levitation 
electromagnets for lifting the carriage out of 
the partition, and linear motors for moving the 
carriage, characterized in that said partition 
includes at least upper and lower partitions, 
each of said upper and lower partitions com- 
prises an inner shielding thin plate and an 
outer thick reinforcing plate which is rigid 
enough to reinforce said thin plate, said levita- 
tion electromagnets and said linear motors be- 
ing disposed outside of said tunnel and ex- 
tending through said reinforcing plate so as to 
be positioned adjacent to said thin plate. 

3. A magnetic levitation conveyor apparatus com- 
prising a tunnel defined by a partition and 
having substantially orthogonal branched pas- 
sages, a carriage movable in a levitated state 
through said tunnel for conveying a workpiece, 
levitation electromagnets having at least two 
rows of magnetic poles disposed on an upper 
portion of said partition of said tunnel for lifting 
the carriage out of contact with the partition, 
electromagnets serving as linear motors and 
having at least one row of magnetic poles 
disposed on said partition of said tunnel for 
moving said carriage out of contact with the 
partition, at least two rows of displacement 
sensors disposed on said partition for detect- 
ing a levitated position of said carriage, and 
control circuits for controlling exciting currents 
supplied to said levitation electromagnets 
based on output signals from said displace- 
ment sensors, said carriage having, on an up- 
per surface thereof, two parallel magnetic ele- 
ments corresponding to said two rows of mag- 
netic poles of the levitation electromagnets and 
two parallel magnetic elements perpendicular 
to the first-mentioned two parallel magnetic 
elements, and also having, on a lower surface 
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thereof, an electrically conductive member cor- 
responding to the magnetic poles of the elec- 
tromagnets serving as the linear motors. 

4. A magnetic ievitation conveyor apparatus ac- 
cording to claim 1, 2 or 3. wherein said tunnel 
maintains a vacuum therein. 

5. A magnetic Ievitation conveyor apparatus ac- 
cording to claim 1 , 2 or 3, wherein said tunnel 
maintains a nitrogen gas atmosphere therein. 

6. A magnetic Ievitation conveyor apparatus ac- 
cording to claim 3, wherein the two parallel 
magnetic elements and the two parallel mag- 
netic elements perpendicular thereto on the 
upper surface of said carriage jointly serve as 
a magnetic member having a shape of a sub- 
stantially centrally open rectangle. 

7- A magnetic Ievitation conveyor apparatus ac- 
cording to claim 6, wherein each of said Ievita- 
tion electromagnets has a cross-sectionally C- 
shaped magnetic pole, said magnetic member 
has surfaces each having grooves defined 
therein and extending in a direction in which 
said carriage is movable and in a direction 
perpendicular thereto, said grooves corre- 
sponding to magnetic pole surfaces of the 
cross-sectionally C-shaped magnetic pole of 
each of said Ievitation electromagnets. 

8. A magnetic Ievitation conveyor apparatus ac- 
cording to claim 6, wherein each of said Ievita- 
tion electromagnets has a cross-sectionally C- 
shaped magnetic pole, said magnetic member 
has comers spaced from sides thereof by gaps 
in a direction in which said carriage is movable 
and in a direction perpendicular thereto, pro- 
viding ridges corresponding to magnetic pole 
surfaces of the cross-sectionally C-shaped 
magnetic pole of each of said Ievitation elec- 
tromagnets. 

9. A magnetic Ievitation conveyor apparatus ac- 
cording to claim 3, wherein said Ievitation elec- 
tromagnets include Ievitation electromagnets 
arrayed along a main conveyor passage and 
Ievitation electromagnets arrayed along a 
branched conveyor passage, said Ievitation 
electromagnets arrayed along the main and 
branched conveyor passages being disposed 
adjacent to each other in a branched point of 
the tunnel having substantially orthogonal 
branched passages, further including switching 
means for switching the Ievitation electromag- 
nets in an operative condition into an inoper- 
ative condition and the Ievitation electromag- 



nets in an inoperative condition in a different 
conveying direction into an operative condition 
for thereby changing the direction of move- 
ment of said carriage between said main and 
5 branched conveyor passages. 

10. A magnetic Ievitation conveyor apparatus ac- 
cording to claim 3, further comprising a group 
of switches for supplying and cutting off cur- 

70 rents to said Ievitation electromagnets to con- 

trol switching of the Ievitation electromagnets 
as said carriage moves, a selective signal gen- 
erator for outputting a signal to select Ievitation 
electromagnets and displacement sensors 

15 which are to be turned on and off, and open 

and close those of said switches which are 
associated with the selected Ievitation elec- 
tromagnets and displacement sensors, a gain 
setting unit for setting gains of the control 

20 circuits, a target Ievitation voltage setting unit 

for setting a target Ievitation voltage which is a 
target Ievitation value, and means for simulta- 
neously gradually varying the gains of the con- 
trol circuits or the target Ievitation voltages as 

25 target Ievitation values through said gain set- 

ting unit and/or said target Ievitation voltage 
setting unit, with respect to at least one Ievita- 
tion electromagnet to be turned on and at least 
one Ievitation electromagnet to be turned off 

30 which are selected by said selective signal 

generator, when the Ievitation electromagnets 
are switched by the control circuits as the 
carriage is moved by said linear motors. 

35 11. A magnetic Ievitation conveyor apparatus ac- 
cording to claim 3, further comprising a target 
Ievitation voltage setting unit for setting a tar- 
get levitated position of said carriage, and/or a 
gain setting unit for setting gains of the control 

40 circuits, said target Ievitation voltage setting 

unit and/or said gain setting unit including digi- 
tal-to-analog converting means and digital pro- 
cessing means, said digital processing means 
having a modifiable processing program for 

45 lessening shocks produced when said carriage 

is lifted and landed. 

12. A magnetic Ievitation conveyor apparatus ac- 
cording to claim 3, further comprising a sup- 
so port device for supporting each of said Ievita- 
tion electromagnets held in a predetermined 
position with respect to directions in which said 
carriage is lifted and moved, and supporting 
each of said Ievitation electromagnets movably 
55 in lateral directions perpendicular to the direc- 
tion in which said carriage is moved, said 
support device having dampening force apply- 
ing means including springs and dashpots dis- 
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posed between each of said levitation elec- 
tromagnets and fixed walls of said tunnel. 

13. A magnetic levitation conveyor apparatus ac- 
cording to claim 3, further comprising first s 
magnets attached to respective opposite sides 

of said carriage, and second magnets attached 
to respective opposite side walls of said parti- 
tion for producing magnetic forces between 
themselves and said first magnets, said sec- io 
ond magnets being associated with dampening 
means. 

14. A magnetic levitation conveyor apparatus ac- 
cording to claim 3, further comprising a plural- is 
ity of tunnels having different heights, a vertical 
tunnel interconnecting said tunnels, said verti- 
cal tunnel Including a table having levitation 
electromagnets and linear motors for mag- 
netically lifting said carriage, and an elevator 20 
mechanism for vertically moving said table. 

15. A magnetic levitation conveyor apparatus ac- 
cording to claim 3, further comprising a joint 
chamber connected to said tunnel for loading 25 
the workpiece directly into a processing de- 
vice, electromagnets disposed outside of said 
joint chamber for magnetically lifting said car- 
riage, electromagnets disposed outside of said 
joint chamber and serving as linear motors for 30 
moving said carriage, an electromagnet dis- 
posed outside of said joint chamber for stop- 
ping said carriage, and partition valves dis- 
posed at respective front and rear ends of said 
joint chamber. 35 
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